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Abstract 
NOPAL is a descriptive language used to write specifications for testing a Unit Under Test (UUT) using an 
automatic test system (ATS). It can also be used for specification of general purpose computation tasks. 
The NOPAL system generates a program in the ATLAS test programming language that performs the 
specified testing. 
A test specification in NOPAL consists of a number of modules, one of which is the main module. The 
main module contains the overall test specification. The other modules specify each an abstract data 
type consisting of a data representation for the abstract data type and a set of operations, called 
modfuns, which can be performed on variables of the abstract data type. Interfaces among modules are 
provided by means of the abstract data types. Specification of modfuns is given non-procedurally by 
means of tests. 
The main module in NOPAL consists of one or more tests. A test, in NOPAL, corresponds to the notion of 
a physical test on a UUT (Unit Under Test). It specified stimuli,to be applied, measurements to be taken 
and logic for selecting a diagnosis depending on the passing or failing of the test. The specification of a 
test is given by conjunctions of stimuli and measurements and assertions of relations. 
Information about the UUT and ATE (Automatic Test Equipment) can also be included in a module. This 
allows various interface checks to be performed. 
The NOPAL program generator analyzes the specification of a module for consistency, completeness and 
non-ambiguity and generates a number of reports which serve as the documentation for the specification. 
Finally, if the specification is error-free, it generates a program in the EQUATE-ATLAS test programming 
language. Programs generated for various modules of a complete specification can simply be put 
together and executed on RCA EQUATE-ATLAS computer-controlled automatic test equipment. 
The NOPAL program generator consists of three phases: (1) syntax analysis, (2) specification analysis, 
verification and sequencing, and (3) code generation. Each of the three phases are described in detail. An 
illustrative. example is called MINI-RADIOSET is used throughout. 
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CHAPTER 1 
INTRODUCTION 
1.1 Objective of t h e  NOPAL System 
The ob jec t ives  of the  NOPAL system i s  t h e  automation of the  
programming task  f o r  automatic t e s t  systems. 
This t a s k  i s  p resen t ly  c a r r i e d  out by ind iv idua l s  who 
combine t h e  s k i l l s  of engineering and computer programming, and 
who genera l ly  employ an ad hoc approach. This  t a sk  i s  labor ious  
and f requen t ly  t i resome,  which accounts f o r  both t h e  high c o s t s  
involved and low confidence i n  t h e  r e s u l t i n g  products .  The 
performance of t h i s  t a sk  automatical ly  would a l l e v i a t e  these  
' problems. 
. . 
In  o rde r  t o  def ine  t h e  ob jec t ives  more p r e c i s e l y  i t  i s  
necessary t o  review the  t e s t i n g  processes .  An Automatic Test  
System TATS) can be  considered a s  composed of two components: 
(1) hardware which c o n s i s t s  of t h e  computer-controlled automatic 
t e s t  equipment (ATE) and ( 2 )  sof tware which dea l s  with t h e  design 
and programming of t e s t s .  This view of ATS and i t s  i n t e r a c t i o n s  
with the  u n i t  under t e s t  (UUT) a r e  i l l u s t r a t e d  i n  Figure 1.1. 
As indica ted  a t  t h e  r ight-hand s i d e  of t h e  f i g u r e ,  t h e  software 
component i s  f u r t h e r  divided i n t o  two p a r t s :  (1) top  p a r t  
which determines t e s t  s p e c i f i c a t i o n s  and ( 2 )  bottom p a r t  which 
analyzes and sequences an input  t e s t  s p e c i f i c a t i o n  and genera tes  
an e f f i c i e n t  t e s t  program f o r  an automatic t e s t  equipment. The 
l i n k  between these  two p a r t s  i s  a  non-procedural t e s t  s p e c i f i c a t i o n  
language c a l l e d  NOPAL, i n  which the  t e s t  s p e c i f i c a t i o n s  a r e  
descr ibed.  The Automatic Program Generation Pro jec t  a t  the  - 
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F I G U R E  111 D E S I G N  AND USE O F  TESTING I N  THE LIFE CYCLE OF A U N I T  UNDER TEST 
Unive r s i t y  of Pennsylvania has  under taken t h e  development of 
bo th  p a r t s .  The t op  p a r t  i s  desc r ibed  i n  a  r e p o r t  "Autopatic 
Tes t  Design," by C .  Tinaztepe ECOM 75-0650-F-2, June 1978. The p r e -  
s e n t  r e p o r t  concerns  t h e  bottom p a r t  on ly .  I t  i s  a  r e v i s i o n  of  a  
p rev ious  r e p o r t  "Automatic Tes t  Program Generat iont t  by  Y.K. ch ing  
ECOM-75-0650-F-1, March 1978, and i n c o r p o r a t e s  d e s c r i p t i o n  o f  
e x t e n s i v e  enhancements t o  t h e  system. 
iew o f  t h e  NOPAL Languaage and P r a r a m  Genezator 
NOPAL i s  a  s p e c i f i c a t i o n  language i n  which t e s t s  f o r  
v a r i o u s  c l a s s e s  of dev ices  can be desc r ibed  e f f e c t i v e l y .  A 
complete t e s t  s p e c i f i c a t i o n  i n  NOPAL p r o v i d e s ' t h e  i n fo rma t ion  
on t h e  t h r e e  major components of  an  ATS a t  t e s t  t i f i e :  (I.) a  
set of tests, (2) t h e  UUT, and ( 3 )  the ATE. 
f 
A oomplete  NOPAL s p e c i f i c a t i o n  can  b e  b roken  up i n t o  sub- 
p a r t s  c a l l e d  modules. Each module h a s :  ( 1 )  module f u n c t i o n s  
(modfun f o r  s h o r t )  which c o n t a i n  t e s t s ,  ( 2 )  t h e  UUT d e s c r i p t i o n ,  
and ( 3 )  t h e  ATE d e s c r i p t i o n .  The modules c a n  b e  s p e c i f i e d  
and a program g e n e r a t e d  independen t  of each  o t h e r .  A l l  t h e  
modules e x c e p t  t h e  main module s p e c i f y  an  a b s t r a c t  d a t a  t y p e .  
A modfun s p e c i f i e d  by a module c a n  b e  c a l l e d  from o t h e r  modules,  
i n  which c a s e  t h e  t e s t s  s p e c i f i e d  b y  i t  a r e  per formed.  
The UUT s p e c i f i c a t i o n  d e s c r i b e s  (1) t h e  UUT connec t ing  
p o i n t s  which can be connected t o  ATE thr.ough i n t e r f a c e  and ( 2 )  
t h e  p o t e n t i a l  UUT component f a i l u r e s .  
The ATE s e c t i o n  s p e c i f i e s  (1) t h e  ATE i n t e r - c o n n e c t i n g  
p o i n t s  which can be connected t o  matching UUT p o i n t s  and (2)  
all t y p e s  of ATE func t ions :  s t i m u l i ,  measurement, f a i l u r e ,  and 
e v a l u a t i o n  which a r e  r e f e r enced  i n  t h e  t e s t  modules. 
A t e s t ,  in- a modfun, consists of (1) stimuli to be 
appl ied ( 2 )  measurements t o  be performed ( 3 )  l o g i c  t o  s e l e c t  
the diagnoses,  ( 4 )  operator  message of each d iagnos is ,  and ( 5 )  
opera tor  response of each diagnosis .  
Several  f ea tu res  of  t h i s  language a r e  extremely important 
i n  providing t h e  ease and i n t e r a c t i v e  f e a t u r e s  which a r e  necessary 
fo r  e f f e c t i v e  use. 
1-4 
F i r s t ,  . t h e  language' i s  non-procedural  . The u s e r  can s ave  
much l a b o r  a s  compared t o  t h e  u se  of  p rocedura l  languages  because  
. . 
t h e  execu t ion  o rde r  of  even ts  o r  t h e  c o n t r o l  l o g i c  need n o t  be s p e c i -  
f i e d .  Nor does t h e  u s e r  need t o  s p e c i f y  s t o r a g e  d e c l a r a t i o n s .  These 
p rocedura l  a c t i o n s  w i l l  be deduced by t h e  p roces so r .  A l l  t h e  
s t a t emen t s  a r e  d e s c r i p t i v e  a s  opposed t o  impe ra t i ve ,  and they  
can be e n t e r e d  i n  any o rde r .  The s p e c i f i c a t i o n  of each  t e s t  
i n  a  m u l t i  t e s t  s p e c i f i c a t i o n  can be  independent ly  p repa red .  
This  independence of  s t a t emen t s  o r  t e s t  modules enab le s  t h e  u s e r  
t o  c o n c e n t r a t e  on composing a  s i n g l e  e n t i t y  a t  a  t ime.  Also 
. . 
t h e  t e s t  modules can  be modif ied '  o r  added i n c r e m e n t a l l y  w i thou t  
cons ide r ing  t h e  e f f e c t  on o t h e r .  t e s t s .  Thus, v i r t u a l l y  no 
computer programming knowledge i s  needed. 
Second, NOPAL has t h e  c a p a b i l i t y  o f  s e l f  documentat ion.  
Various- r e p o r t s  such a s  r e fo rma t t ed  s p e c i f i c a t i o n  l i s t i n g ,  c r o s s  
r e f e r e n c e s ,  er . ror  messages, and sequencing f l owcha r t s  a r e  
a v a i l a b l e  t o  t h e  u s e r .  This  documentation w i l l  enhance t h e  u s e r -  
system i n t e r a c t i o n  o r  p inpo in t  er roneous  s p o t s  i n  t h e  u s e r ' s  
s p e c i f i c a t i o n .  
Thi rd ,  t h e  i n d i v i d u a l  s e c t i o n s  of  a  NOPAL s p e c i f i c a t i o n  
independent each of  o t h e r s .  That i s  t h e  t e s t  s e c t i o n  i s  independent  
o f  t h e  u n i t s  under t e s t  and t h e  o b j e c t  au tomat ic  t e s t  equipments 
s e c t i o n s .  For i n s t a n c e ,  on ly  t h e  s p e c i f i c a t i o n  of ATE f u n c t i o n s  
(which a r e  procedures  de f ined  i n  t h e  o b j e c t  t e s t  language') should  
be p r o p e r l y  modified i f  ano the r  s e t  o f  ATE i s  t o  be used.  
Four th ly ,  t h e  modules may be processed s e p a r a t e l y  t o  
produce programs. These programs may simply be pu t  t o g e t h e r  
t o  r e p r e s e n t  t h e  complete s p e c i f i c a t i o n .  This  makes t h e  
system h igh ly  modular. 
NOPAL is  w e l l - s t r u c t u r e d  from top down. A t e s t  s p e c i f i c a t i o n  
i s  f u n c t i o n a l l y  grouped i n t o  three  s e c t i o n s :  ATE, UUT, and 
tes t -modules .  Each t e s t  module i s  then d iv ided  i n t o  three  sub- 
sect i o n s :  s t imul i . ,  measurement, and l o g i c  t o  s e l e c t  d iagnoses .  
Finally a stimulus or measurement section is further broken 
into two distinct parts: (1) conjunction which involves UUT 
connection and ATE waveforms functions, and (2) assertions which 
perform pure computations. This simple structure enables the 
user to master the language easily. On the other hand, due to 
NOPAL1s non-proceduralness and incrementality, test modules 
can be composed independently by a single user or a group of 
co-workers. Also, a user is relieved of the burden of explicitly 
specifying the execution sequence of test modules and the storage 
assignments, hence he can concentrate on what needs to be done 
rather than on how to do it. 
The intuition and often unorganized thinking of the human 
, 
programmer have been transformed into precise and systematic 
. . 
algorithms. For instance, based on the knowledge of how the 
s test engineer sequences .his test steps, several sequencing. 
strategies such as d.ata dependency and top-down fault isolation 
have been introduced. In addition some new algorithms have,been 
developed. For example, a cycle enumeration and elimination 
.algorithm is used in the phase of graph analysis, and several 
algorithms for invoking test module routines and inserting proper 
control logic are used in code-generation phase. 
1 . 3  Or-ation of the Re~ort 
Chapter 2 is a user. manual for the NOPAL language. The 
formal syntax of NOPAL is also provided in an extended BNF 
notation. 
Chapter 3 gives an overview of the NOPAL Program Generation. 
It summarizes the' three major phases of: (1) syntax analysis, 
(2) specification analysis, design, and sequencing, and (3) 
code gene ra t  i on .  
Chapter  4 d e s c r i b e s  t h e  f i r s t  phase-syntax a n a l y s i s  o f  
t h e  NOPAL s p e c i f i c a t i o n .  Desc r ip t i ons  of t h e  o r g a n i z a t i o n  of 
t h e  s imu la t ed  a s s o c i a t i v e  memory (where t h e  s p e c i f i c a t i o n s  a r e  
s t o r e d ) ,  t h e  formal s p e c i f i c a t i o n  of t h e  NOPAL language,  
and a  m e t a - ~ r a c e s s o r  which p roces se s  t h e  language s p e c i f i -  
c a t i o n  t o  gene ra t e  a s y n t a x ' a n a l y s i s  program a r e  a l s o  . 
provided.  
Chapter  5 covers  t h e  second phase - s p e c i f i c a t i o n  a n a l y s i s  
and sequencing.  I t  d e s c r i b e s  t h e  methodology and t h e  a lgo r i t hms  
of a n a l y s i n g  and sequencing of each t e s t  module t aken  i n d i v i d u a l l y  
' and o f  ' a l l  t e s t  modules t aken  c o l l e c t i v e l y .  
. . 
Chapter  6 pre-s&nts  t h e  f i n a l  code gene ra t i on .  During t h i s .  
phase t h e  r e s u l t s  of  a n a l y s i s  and seauencing of t h e  t e s t  
s p e c i f i c a t i o n  a r e  used  t o  gene ra t e  a complete t e s t  vrogram i n  
t h e  o b j e c t  language,  EQUATE ATLAS. 
A t  t h e  end, t h e r e  a r e  two appendices .  The f i r s t  appendix 
i s  a  p i c t o r i a l  d e s c r i p t i o n  of t h e  d a t a  s t r u c t u r e s  of t h e  a s s o c i a t i v e  
memory. The second appendix i s  t h e  l i s t i n g  of  a  NOPAL t e s t  
s p e c i f i c a t i o n  i n p u t  which i s  fol lowed by t h e  cor responding  o u t p u t s  
including t h e  r e p o r t s  o f  a n a l y s i s  and t h e  EQUATE-ATLAS program 
gene ra t ed  by t h e  NOPAL Processor .  
CHAPTER 2 
THE WOPAL LANGUAGE 
T h i s  c h a p t e r  i s  o m i t t e d  and r e p l a c e d  by a s e p a r a t e  r e p o r t ,  
t h e  "NOPAL Refe rence  Manual, Bot tom-Part" ,  May 1 9 8 2 ,  by Noah S. 
Prywes . 
CHAPTER 3 
THE NOPAL PROGm*I GENERATOR 
3.1 Overview 
Th i s  c h a p t e r  p r e s e n t s  an o v e r a l l  d e s c r i p t i o n  o f  t h e  NOPAL 
Program Generator .  A s  de sc r ibed  i n  Chapter  2 ,  t h e  NOPAL language 
i s  a non-procedural  s p e c i f i c a t i o n  language which is  used t o  
d e s c r i b e  t e s t s  f o r  v a r i o u s  c l a s s e s  o f  u n i t s - u n d e r - t e s t  (UUT) 
t o  be t e s t e d  i n  con junc t ion  w i th  computer -con t ro l led  au tomat ic  
t e s t  equipment (ATE). 
The NOPAL program gene ra to r  i s  des igned t o  automate t he  pro-  
gram des ign ,  coding,  and debugging phases o f  program development 
based on t e s t  s p e c i f i c a t i c n s  w r i t t e n  i n  the  NOPAL language.  A 
I 
c o l l e c t i o n . a f  NOPAL s t a t emen t s  d e s c r i b i n g  a  f u n c t i o n a l  module i s  
. . 
. . 
r e f e r r e d  t o  a s .  a  NOPAL module . A compldte desc 'r ipt ion, '  . i n  .N&AL 
of  t h e  t e s t s  d e s i r e d  f o r  a  'given UUT under a  g iven . "v i r t ua l "  ATE 
i . e .  a  c o l l e c t i o n  of NOPAL modules, i s  r e f e r r e d  t o  a s  a  NOPAL 
s p e c i f i c a t i o n ,  A NOPAL module c o n s i s t s  o f  d a t a  d e c l a r a t i o n  
s p e c i f i c a t i o n ,  modfun-specif ica t ion,  UUT-specification, and 
ATE-specif icat ion.  A module-funct ion-specif ica t ion i s  t h e  core 
of a  NOPAL module. It c o n s i s t s  of  t e s t s  each of which 
d e s c r i b e s  the s t i m u l i  t o  be a ~ p I ? e d ,  measurements 
t o  be t aken ,  l o g i c  t o  s e l e c t  t h e  d i sgnoses ,  and t h e  corresponding 
diagnoses  and messages. A UUT-specification i d e n t i f i e s :  1 )  Po t en tka l  
component f a i l u r e s  and 2) t h e  connect ing p o i n t s  of t h e  UUT. An 
ATE-sepcif icat ion d e f i n e s :  1) t h e  ATE f u n c t i o n s ,  such a s  s t i m u l i ,  
measurements, o r  s p e c i a l  computat ional  c a p a b i l i t i e s ,  and 2 )  t h e  t 
ATE i n t e r c o n n e c t i n g  p o i n t s .  A s  shown i n  Figure  3.>, t h e  gene ra to r  
/., 
t akes  a  NOPAL s p e c i f i c a t i o n  as inpu t ,  and t h e  performs ana lyses  ( syn t ax ,  , 
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s eman t i c s ,  comple teness ,  c o n s i s t e n c y ,  ambigu i ty ,  e t c . ) ,  t e s t -  
modules sequencing ( i n t r a -  and i n t e r - t e s t - m o d u l e )  and code 
g e n e r a t i o n .  I t  f i n a l l y  p roduces ,  a s  o u t p u t ,  a  complete  t e s t  
program w r i t t e n  i n  EQUATE-ATLAS. EQUATE-ATLAS i s  a  s u b s e t  o f  
t h e  IEEE S tandard  ATLAS Language. I t  a l s o  p r i n t s  v a r i o u s  u s e r  
r e p o r t s  such a s  r e fo rma t t ed  s p e c i f i c a t i o n  - l i s t i n g ,  c r o s s - r e f e r e n c e ,  
sequencing f l o w c h a r t ,  and e r ro r /wa rn ing  messages. A l l  o f  t h e s e  , 
ou tpu t  r e p o r t s  a r e  d e s c r i b e d  i n  t h e  subsequen t  c h a p t e r s .  The 
p r i n t i n g  o f  t h e s e  r e p o r t s  can  be i n h i b i t e d  by s e t t i n g  t h e  
a p p r o p r i a t e  pa ramete r ,  when t h e  Processor  i s  invoked.  
\ The Program g e n e r a t o r  performs t h e  t r a n s l ' a t i o n  from s o u r c t  
i 
lann?.n?e (NOPAL) t o  t a r g e t  1ann1lq.n (ATLAS) . The program cgeneAator 
i t se1 . f  i s  implemented i n  PL/1. I t  p roce s se s  a non-procedura l  s o u r c e  
' s p e c i f i c a t i o n  'and g e n e r a t e s  a  complete p rocedu ra l  -' t a r g e t  program, 
based on an  a p p l i c a t i o n  of d i r e c t e d - g r a p h  t heo ry .  I t  p r o v i d e s  
u s e f u l  sy s t em-use r  i n t e r a c t i o n  b y  sending t o  t h e  u s e r  p rope r  
wai-ning's/errors i n d i c a t i n g  nece s sa ry  changes o r  a d d i t i o n s  t o  t h e  
u s e r  i n p u t .  
The p r o c e s s i n g  o f  t h e  NOPAL s p e c i f i c a t i o n  c o n s i s t s  o f  t h r e e  
major  phases  shown i n  F igu re  3.2;, which i s  a  r e f i nemen t  o f  F igu re  3 .1 .  
.., 
 he t h r e e  phases  d e p i c t e d  i n  F igu re  3.  X a r e  b r i e f l y  d i s c u s s e d  i n  
m 
-.- 
? .  
, s e c t i o n s  3.2, 3 .3  and 3 .4 ,  and p r e s e n t e d  i n  g r e a t e r  d e t a i l  i n  \ 
, . 
 chapter^ . .. . 4 ,  5 and .  6 r e s p e c t i v e l y .  
1 . .  
PHASE I: 
NOPAL Spe- 
cification 
Syntax .&  Specification reports 
Statement Errors/warnings 
Analysis Cross references 
Specifica- Errors/warnings 
PHASE 11: recedence Xat rix 
sis & Sequ Flowchart report 
\ 
I, 
I Code 1 Code generation report 
PHASE 111: I . . Generation listing 
. 3 : 2  Phase ;I : Syntax and Statement Analysis o f  NOPAL Spec i f i ca t i on  
. 
I n  t h i s  phase each statement o f  the NOPAL s p e c i f i c a t i o n  i s  analyzed 
t i f i n d  syn tac t i c  and some l o c a l  semantic e r ro rs .  Two repor ts ,  s p e c i f i -  
ca t i on  source l i s t i n g  and syntax errors/warnings are  produced. These 
tasks are performed b y  a sub-monotor, c a l l e d  Syntax Analysis Program 
(SAP), which i s  i t s e l f  generated automat ica l l y  by a' meta-processor c a l l e d  
Syntax Analys is  Program Generator (SAPG) . The i n p u t  t o  SAPG i s  the 
formal syntax r u l e s  o f  the NOPAL lanauaae w i t h  references t o  user -wr i t ten  
rout ines.  Changes t o  the  syntax o f  NOPAL dur ing development o r  i n  the  
8 .  
f u t u r e  can thereby be convenient ly  made. Once SAP i s  generated, SAPG i s  
no longer'needed. SAP cons is ts  o f  rou t ines  such as l e x i c a l  analyzer,  
. . 
error-stacker-., and s t o r e / r e t r i e v e  package. 
I n  t h i s  phase, the consistency o f  t h e  use o f  data types i s  checked. 
This i s  done b y  the  de r i va t i on  o f  data types i n  an "operator-based fashion'!. 
The r e s u l t s  o f  der ived data types are entered i n t o  a d i r e c t o r y  and an e r r o r  
message w i l l  be issued i f  any i ncons i s ten t  use o f  .data types i s  discovered. 
Another t a s k  of  t h i s  phase i s  t o  s t o r e  t h e  NOPAL s t a t e m e n t s  
i n  an  a s s o c i a t i v e  memory ( s t i m u l a t e d  i n  main memory) f o r  e a s e  i n  
. . 
. . ,  subsequent  r e t r i e v a l  and mod i f i ca t i on  of  t h e  NOPAL s p e c i f i c a t i o n  
dur ing  t h e  l a t e r  s t a g e s  of  a n a l y s i s  and p roces s ing .  The a s s o c i a t i v e  
1 
memory i s  a l s o  used fo r .  gene ra t i ng  t h r e e  r e p o r t s .  A convent iona l  
c r o s s - r e f e r e n c e - a n d - a t t r i b u t e s  r e p o r t  i s  produced t o g e t h e r  w i th  
I , '  some warnings and e r r o r  messages. A complete ly  r eo rgan ized ,  ea sy  
. .& 
t o  read  sou rce  l i s t i n g  o f  t h e  NOPAL s p e c i f i c a t i o n  is  a l s o  p r i n t e d .  
The t h i r d  r e p o r t  i s  a  summary c r o s s - r e f e r e n c e s  o f  t e s t -modu le s ,  
UUT, . add ATE s p e c i f i c a t i o n s .  ( 
* * _ " "  Y 
' ' $his phase  of  syn t ax  and' s t a t emen t  a n a l y s i s  i s  pres 'ented in! 
. d e t a ? l :  i n  Chapte r  4 .  
. -+.,, 
- Thi s  phase  o f  t h e  Processoy determines  t h e  precedence 
r k  r e l a t i o n s h i p s  based on t h e  ' a n a l y s i s  o f  t h e  NOPAL s p e c i f i c a t  ion .  
I t  a l s o  a s c e r t a i n s  t h e  c o n s i s t e n c y ,  completeness ,  and unambiguity 
of t he  s t a t e m e n t s .  A s  t h e  non-proceduralness  of NOPAL i m p l i e s ,  
t h e  o r d e r  o f  t h e  s t a t emen t s  provided by t h e  u s e r  i s  o f  no consequence.  
a 
However, v a r i o u s  components o f  t h e  s t a t emen t s  a r e  analyzed t o  
de te rmine  t h e  precedence r e i a t i o n s h i p s .  These r e l a t i o n s h i p s  a r e  
used t o  form a d i r e c t e d  graph,  r ep re sen t ed  by a  precedence m a t r i x .  
I Each - node of t h e  graph r e p r e s e n t s  a  d a t a  name ( v a r i a b l e ) ,  a  
d i a g n o s i s ,  o r  a  t e s t  module c o n s i s t i n g  of a  group 
of s t a t emen t s -  Each d i r e c t e d  edge denotes  a  c e r t a i n  t ype  of  
precedence r e l a t i o n s h i p ,  having a  r e l a t e d  p r i o r i t y .  Based on t h e  
. graph ,  i t  c a n  be  determined whether o r  n o t  t h e  t e s t  s p e c i f i c a t i o n s  
a r e  comple te ,  c o n s i s t e n t ,  and /or  unambiguous. Also ,  a  u s e r  r e p o r t  
i s  produced con ta in ing  t h e  e r ror /warn ing  messages, t h e  assumptions  
made by t h e  P roces so r s ,  and/or  a p p r o p r i a t e  a c t i o n s  t o  b e  t aken  by 
the  u s e r .  
The nex t  t a s k  i n  t h i s  phase i s  t o  determine t h e  execu t ion  
sequence and r e p e t i t i o n s  o f  a l l  even t s  impl ied by t h e  s p e c i f i c a t i o n ,  
based on t h e  d i r e c t e d  graph.  The r e s u l t  of  t h i s  t a s k  is a  s , e t  o f  
d a t a  s t r u c t u r e s  r e p r e s e n t i n g  a  c o r r e c t  sequence of p roces se s  'and 
f low of  e v e n t s ,  a ss igned  t o  l e v e l s  and sequenced i n  t h e  o r d e r  of 
execu t ion .  A f l o w c h a r t - l i k e  r e p o r t  i s  produced f o r  t h e  u s e r . .  ) 
Note t h a t  . t h e r e  a r e  two sub-phases of t h e  above mentioned ' 
a n a l y s i s  and sequencing:  i n t r a - t e s t - m o d u l e  and i n t e r - t e s t - m o d u l e . '  " '  
The former d e a l s  w i t h  t he  a n a l y s i s ,  and sequencing o f  a  g iven  , t e s t  
' module, by examining t h e ,  con junc t ions ,  asser t ion: ,  and diagndges .  ' . 
The. l a t t e r  concerns t h e  a n a l y s i s  and sequencing of t h e  c o l l e c t i o n  
of t e s t  modules  i n  a  NOPAL s p e c i f i c a t i o n , ,  consi .der ing e a c h  t e s t  e s 
module a s  an  i n t e g r a l  u n i t .  
De' tai led d e s c r i p t i o n  of t h i s  phase i s , '  covered'  i n  Ch.apter 5. . ,  
<.. 
3 . 4  Phase . I11 : Code Generat ion 
. '* 
I n  t h i s  phase t h e  o b j e c t  ATLAS program i s  gene ra t ed .  F i r s t , ,  
g loba l  v a r i a b l e s  a r e  dec l a r ed  and p r o p e r l y  i n i t i a l i z e d .  
Second, ATLAS procedures  a r e  de f ined  f o r  every  t e s t  module '  1 
and d i a g n o s i s  s p e c i f i e d  by t h e  u s e r ;  t h e  code f o r  a  t es t -module  . , >  
sub rou t ine  is genera ted  based on t h e  i n t e r n a l  sequencing o f  t h e  
t e s t  module.. F i n a l l y ,  t h e  ATLAS code f o r  p r o p e r l y  invoking t h e  
tes t -module  procedures  and f o r  t h e  neces sa ry  c o n t r o l  l o g i c  a r e  
genera ted .  This s t e p  i s  performed based on t h e  i n t e r -  tes t -module  
( i  . e . ,  e x t e r n a l )  sequencing of t h e  s p e c i f i c a t i o n .  
. , 
The produc t  of t h i s  phase i s  an ATLAS t e s t  program i n  
accordance w i t h  t h e  NOPAL s p e c i f i c a t i o n  provided by  t h e  u s e r  
f o r  t e s t i n g  t h e  UUT. 
The ATLAS program i s  f u r t h e r  augnented by a  l i b r a r y  of ATLAS 
fCunc t i o n s  o r  p rocedures .  Any r o u t i n e  (NOPAL f u n c t i o n )  which i s  
used i n  t h e  NOPAL s p e c i f i c a t i o n  and whose ATLAS code i s  n o t  
, . 
supTl ied a t  t h i s  s t a g e  by t h e  u s e r  i s  expected t o  be . included l a t e r  
a t  ATLAS compile t ime.  The complete ATLAS program i s  then  ready  
f o r  c o q p i l a t i o n  and execu t ion  ( a c t u a l  t e s t i n g  of t h e  UUT) i n  a 
v 
+, given  ATE system.'- Chapter  6 d e s c r i b e s  Phase I11 i n  g r e a t e r  
C I 
, - I  I 
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CHAPTER 4 
4 . 1  Overview 
The f i r s t  phase q f  t h e  NOPAL Processor  performs syn tax  and 
l o c a l  semant ic  a n a l y s i s  of s p e c i f i c a t i o n  s t a t emen t s .  A t  t h e  end 
of  t h e  a n a l y s i s ,  each NOPAL s t a t emen t  i s  encoded and s t o r e d  i n  
s imula ted  a s s o c i a t i v e  memory f o r  e a s e  i n  f u r t h e r  p roces s ing .  A s  
shown i n  Figure  4 . 1 ,  t h e  f i r s t  phase c o n s i s t s  o f  a  Syntax Analys i s  
Program (SAP). SAP i t s e l f  i s  generated a u t o m a t i c a l l y  by a meta- 
p roces so r ,  Syntax Analysis  Program Generation (SAPG), by i n p u t t i n g  
. t h e  formal s p e c i f i c a t i o n  of  t h e  NOPAL language i n  a  meta- language,  
Extended Backus Normal Form with Subrout ine  C a l l s  (EB?i'F/l\rSC). 
Sec t ion  4 . 2  d i scusses .  t h e  EBNF/WSC, SAPG, and S A P i n  more 
. . 
. d e t a i l .  . . 
SAP' incorpora tes  s i x  types  of  s u p p o r t i ~ g  r o u t i n e s  which must 
be composed manually: Lex ica l  Analyzer,  E r ro r  S t ack ing ,  Recognizer ,  
Encoding/Saving/Storing/, Semantics Checking and .Se rv i ce  Routines 
These a r e  covered i n  Sec t ion '  4 . 3 .  
A t  t h e  end of each NOPAL s t a t emen t ,  a  s t o r i n g  r o u t i n e  i s  
invoked t o  s t o r e  t h e  s t a t e m e n t - i n  t h e  s imula ted  a s s o c i a t i v e  memory 
us ing  a  s t o r e / r e t r i e v e  package. The s t o r e / r e t r i e v e  package i s  
p re sen t ed  i n  S e c t i o n  4 . 4 .  
S e c t i o n  4 . 5  d e s c r i b e s  t h e  p rocess ing  of  two NOPAL s p e c i f i a t i o n  
r e p o r t s  and a  syn t ax  e r r o r  r e p o r t  by SAP. A source  s p e c i f i c a t i o n  
r e p o r t  i s  produced by t h e  l e x i c a 1 , a n a l y z e r  a s  a  by-produc t .  I t  
i s  a l i s t i n g  of t h e  NOPAL s t a t emen t s  a s  en t e r ed  by t h e  u s e r .  Another 
r e fo rma t t ed  s p e c i f i c a t i o n  r e p o r t  i s  genera ted  by  r e t r i e v i n g  t h e  
I / EBNFlWSC NOPAL 
OF 
NOPAL S ta tements  b 
t 
V v 
SAP 
, t th sup-  q p e c i f i c a t i o n  r e p o r t s  
SAPG .I porting --tSyntax e r r o r  r e p o r t  
r o u t i n e s  W r o s s  r e f e r e n c e s  
h 
I Stored  A 5 5 0 ~ ~  Sy* h r ~  
s t a t e m e n t s  from t h e  a s s o c i a t i v e  memory. Th i s  i s  a  r e f o r m a t t e d  
and r eo rgan i zed  NOPAL s p e c i f i c a t i o n  l i s t i n g  f o r  e a s y  r e a d a b i l i t y .  
The syn t ax  e r r o r  r e p o r t  c o n t a i n s  e r r o r  and /or  warning messages 
gene ra t ed  by SAP. 
F i n a l l y ,  S e c t i o n  4.6 p r e s e n t s  t h e  p a r t  o f  t h e  system t h a t  
g e n e r a t e s  a  number o f  c r o s s  r e f e r e n c e  r e p o r t s ,  which a r e  summarized 
I 
i n  Table  4.1.  
4.2 . S y n t a x  Ana lys i s  Program - SAP 
The Syntax Ana lys i s  Program (SAP) f o r  p a r s i n g  t h e  NOPAL s t a t e -  
ments i s  gene ra t ed  by t h e  S:-.tax Analys i s  P rograz  Genera to r  (SAPG). 
The i n p u t  t o  SAPG i s  a  s p e c i f i c a t i o n  of  t h e  NOPAL language i n  a  meta- 
language.  Extended Backws Normal Form wi th  Sub rou t i ne  C a l l s  (EBW /I\'SC) . 
SAPG and EBNF/WSC were developed a t  t h e '  u n i v e r s i t y  o f  .Pennsylvania  
b y '  t h e  Data D e f i n i t i o n  Language P r o j e c t .  A b r i e f  revTew of SAPG 
and EBNF/WSC is g iven  i n  t h e  fo l l owing  s e c t i o n s .  8 
4 .2 .1  Extended Backus Normal Form wi th  Subrou t ine  C a l l s  (EBNF/WSC) 
S p e c i f i c a t i o n  of  NOPAL 
The EBNF/WSC i n c l u d e s  and ex tends  t h e  concep t s  o f  t h e  
conven t i ona l  Backus Naur Form (B-NF). The BNF i t s e l f  i s  a  language 
c o n s i s t i n g  o f  s t a t e m e n t s  ( p roduc t i on  r u l e s )  which d e s c r i b e  t h e  
syn t ax  o f  formal  languages  ( h e r e  NOPAL). BNF used f o u r  meta- 
l i n g u i s t i c  c h a r a c t e r s  <,>, ::=, and I .  Sequences o f  c h a r a c t e r s  
enc lo sed  i n  a n g l e - b r a c k e t s  a r e  c a l l e d  n o n - t e r m i n a l s ,  and deno t e  
names o f  t h e  s y n t a c t i c  u n i t s  and f o r  which s u b s t i t u t i o n s  can be  
made. Sequences o f  c h a r a c t e r s  n o t  e n c l o s e d . i n  a n g l e - b r a c k e t s  a r e  
c a l l e d  t e r m i n a l s ,  which r e p r e s e n t  keywords o r  c h a r a c t e r s  i n  NOPAL- - 
TABLES. 1 . CROSS REFERENCE REPORTS. 
'Report 
Number 
1 
2 
3 
4 
5 
6 
Name o f  E n t i t i e s  
Cross Referenced 
w i t h  
source statement 
numbers, a t t r i -  
butes 
Test  modules 
Diagnoses, t e s t  
modu.1 es 
Diagnoses, t e s t  
modu 1 es 
Test modules , 
ATE connect ing 
p o i n t s  
Test modules 
Data Type 
Deci ma 1 
__3_C-_ 
------- 
------- 
. ------- 
Boo1 ean 
Name o f  Report  
XREF-ATTR 
D IAG-TEST 
- 
MESS-DIAG-TEST 
COMP-DIAG-TEST 
UUT.PT-TEST- 
ATE. PT 
FUNC-TEST 
. Name o f  E n t i t y  
Cross References 
Var iab le ,  data 
Dlaanosi  s 
Operator message . ., 
A f f ec ted  . 
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Each production rule in the BNF is of the form "L : := R t .  L is 
. .  - a  non-terminal symbol and R is one or more alternative sequences of 
! 
I . '  
, . .  ; teninal or non-terminal symbols that can be substituted for L. The 
i 
. alternatives are separated by the meta-linguistic symbol l l l " .  
To facilitate language description, BNF was extended to EBNF 
with two meta-linguisitic symbols : [ 1 representing optionality 
and [ I *  representing repetition of zero or more times. 
i . - . .  ...A.. description of the NOPAL language using EBNF , without 
- .- 
subroutine calls, has been presented in F igure 2.1. , The EBNF , 
I -~ 
. . -  - 
= - 
t like BNF, is sufficient to describe the syntax of the NOPAL 
'language; it is not capable of describing the semantics - of the 
language. Therefore, EBNF was expanded.to allow.subroutine names 
. . 
to be emb'edded within it; Hence, the name '"EBNF with Subroutine 
. . 
Callsw (EBNF /WSC) .was adopted. 
The EBNF/WSC specification of NOPAL constitutes the input to 
SAPG. It consists of the syntax specification as well as 
* 
subroutine names enclosed in slashes " / I r .  The embedded subroutine 
name indicates need to call the respective subroutine upon 
succes.sfu1 recognition.of the preceding syntactic unit. Thus, 
these subroutines, incorporated in SAP enable checks of local 
semantics. They produce error messages, encode/save, and store 
away statements. The invocation of these subroutines is 
incorporated in the automatically generated SAP. The sub-routines . 
themselves are written manually. 
The specification of the NOPAL language in EBNF/WSC is shown in 
4 - 6  
. 
Figure  4 . 2 .  Unlike t h e  human-oriented EBNF s p e c i f i c a t i o n  p re sen ted  
i n  F igure  2 . 1 ,  t h e  EBNF/WSC s p e c i f i c a t i o n  inc ludes  t h e  fo l lowing  two 
i 
modi f i ca t ions  :. 
(1) t h e  EBNF s p e c i f i c a t i o n  has  been r e s t r u c t u r e d  t o  conform t o  
r e s t r i c t i o n s  expla ined  i n  Sec t ion  4 . 2 . 3 ,  imposed by t h e  SAPG 
p roces so r ,  
( 2 )  t he  names of t h e  invoked sub rou t ines  a r e  embedded i n  EBNF 
(enclosed i n  s l a s h e s )  . 
The l e f t - h a n d  column i n  Figure 4 . 2 ,  marked "EBNF/WSC Line Number1l, 
shows t h e  l i n e  ( o r  ca rd)  number of EBNF/WSC f o r  NOPAL. The r i g h t -  
hand column, marked llEBNF Reference ~u*be r " ,  i n d i c a t e s  t h e  s taternent  
(p roduc t ion)  number o f  t h e  correspondi& EBNF s t a t emen t  o f  F igu re  2 . 1 .  
i 
'Where one EBNF s ta tement  corresponds to ;more  than one EBNF/WSC s t a t e -  
ment, the ' same EBNF r e f e r e n c e  number appears  i n  a l l  of t h e  EBNF/WSC 
s t a t emen t s .  
I 
To i l l u s t r a t e  t h e  r e l a t i o n s h i p  between EBNF and EBNF/WSC s t a t e -  
ments, t h e  fo l lowing  i s  an example from t h e  EBNF s p e c i f i c a t i o n  o f  
+ 
Figure 2'. 1, 
< DIAGNOSIS DEFINITION > ::= DIAGNOSIS < DIAG LABEL > [ : I  
- - 
< DIAG BODY >; 
- 
I n  t h e  EBNF/WSC s p e c i f i c a t i o ~  cz  l i n e s  11'5-116 of t h e  Figure  4 . 2 ,  t h e  
above becomes t h e  fol lowing:  
< DIAGNOSIS - DEFINITION > ::=< DIAGNOSIS > /DIAGI/ < DIAG - LABEL > 
This  means t h a t  t h e  non- terminal  < DIAGNOSIS - DEFINITION > s t a r t s  
* 
wi th  t h e  s y n t a c t i c  u n i t  < DIAGNCSIS > . The corresponding r ecogn ize r  
r o u t i n e  w i l l  r e cogn i ze  t h e  keyword DIAGNOSIS. I f  t h i s  keyword i s  
s u c c e s s f u l l y  r e cogn i zed ,  t h e  s u b r o u t i n e  DIAG1,is c a l l e d .  Th i s  
r o u t i n e  w i l l  a l l o c a t e  and s t a c k  an e r r o r  message code f o r  a  miss ing  
succeed ing  s y n t a c t i c  u n i t  (which i n  t h i s  c a s e  is  < DIAG - LABEL > ) .  
Then a n o t h e r  p rocedure  i s  c a l l e d  t o  recogn ize  t he  n e x t  s y n t a c t i c  
u n i t  < DIAG - LABEL >. If < DIAG - LABEL> i s  s u c c e s s f u l l y  r e cogn i zed ,  
t h e  r o u t i n e  SVLBL i s  invoked,  which w i l l  encode and s ave  t h e  
recogn ized  token .  Otherwise ,  t h e  e r r o r  mes sage .w i l1  be  s e n t  t o  
t h e  u s e r .  Then a  co lon  (:) may o p t i o n a l l y  f o l l ow .  Next comes t h e  
l a s t  non - t e rmina l  < DIAG - BODY > ( i t  w i l l  d e f i n e  t h e  ATE o p e r a t o r  
message and o p e r a t o r  r esponse  i n  ano the r  p r o d u c t i o n ) .  I f  t h e  f o r e -  
go ing  i s  s u c c e s s f u l ,  t h e  s u b r o u t i n e  STDIAG i s  c a l l e d  t o  s t o r e  t h e  
s t a t e m e n t  i n  t h e  s i m u l a t e d  memory, by c a l l i n g ,  i n  turn . ,  t h e  STORE 
subsystem ( t o  be  exp l a ined  l a t e r ) .  ~ i n a l i ~ ,  t h e  s u b r o u t i n e  STMTEND 
is  invoked.  I t  w i l l  check t h e - s t a t e m e n t  end marker (;) and inc rement  p 
t h e  s t a t e m e n t  number. 
Fu r the r  examples o f  i n s e r t i n g  s u b r o u t i n e  c a l l s  i n t o  t h e  EBNF/WSC 
w i l l  be g iven  l a t e r  when each  c a t e g o r y  o f  s u b r o u t i n e s  ( such  a s  r e c o g n i -  
z e r  and sav ing /encod ing)  i s  d i s c u s s e d  i n  t h e  fo l l owing  s e c t i o n s .  
I n  summary, SAP i s  g e n e r a t e d  by SAPG based on th.e EBNF/WSC s p e c i -  
f i c a t i o n  of  NOPAL and l i n k e d  w i t h  t h e  s u b r o u t i n e s .  Then SAP a c c e p t s  
NOPAL s t a t e m e n t s  and checks  them f o r  s y n t a c t i c  c o r r e c t n e s s  and some 
l o c a l  s eman t i c s ,  .encodes,  and s t o r e s  t h e  s t a t e m e n t s  i n  t h e  s imu la t ed  
a s s o c i a t i v e  memory f o r  f u r t h e r  p roce s s ing .  
4 . 2 . 2  Sap Genera to r  - SAPG 
A s  i n d i c a t e d  i n  F igu re  4 .1 ,  SAPG produces SAP based on t h e  EBNF/ - 
WSC s p e c i f i c a t i o n  o f  t h e  NOPAL language.  The o p e r a t i o h  o f  SAPG i s  
b r i e f l y  summarized i n  t h e  fo l l owing  paragraphs .  . 
/ * THE GWBAL SYmACPIcALSPRUCPURE . */ 
<NOPfiSPECIFICATION> 8:- [ <NOPA&-mS> /CLRERRF/ I* 
/SXWP-PL/ <NOPAI.LSPECIFICATION> 
tNOPAIl.-SmlTS> tt= /E(34)/[NDPAL] < S P E C I F I C A T I O N > [ < S P E C ~ > / S V L B V ]  /==/ /-/ 
I <=PID-spEc> 
I <DATLDCLSPEC> 
I <UUTUUTSPEc> 
1 <AmSPEC> 
1 END C <SPECJQME>/svLBY I /-/ /-/ 
<SPECIFICATION> ::= /SPECIF/ 
t SPEC-NAME > 8:- <-EL> 
<IaBEL> : := /-Ey 
/ * TEST MODULE SPECIFICATION */ 
<TEST> ::= TEST I EODF'UN 
<TEST-LABEL> ::- <LABEL> 
<T-SUBEX~?R> rr= <T-SUB> [ , <T-SUB> I* 
t T-SUB> : : = /E( 1 )/ tARIT$,EXPR> /GlTSUB/ 
<BAQCREF> : :  /CONJl/<-> [<DECLARATION>]* /=- 
<=-> : r r  [SAME] AS/E(33)/ tUSBEt> /BRSLBL/ 
[ <-> < S I b I P L l L ~ O N >  1 
< I F - C O N ~ I O N >  I <IF-CLWSE, ~ S I M P L E L E C O N ~ I O N ~  
' [ELSE <TRIPLFTLFTCONJuNcr>] 
<DECLARATION> I : =  ~ ~ L e , T Y P E >  [ : I  NARmBLELELIST> . 
<vARxABLe,!tYPE> :I= /sRC-m/ 
tVARIABLE-LIST> ::= (<-ELEM> [,<->I* /RPAR/) 
I <-ELEM> [ , <VAR,Emx> ]* 
<ml%IE&f> : := /E( 14)/ < IDENTIPIER>/DCLSID/ t SUBSCRIPT-LISP, 
<ASSEIZTIONON80MI> : := <IPJmsEmION> 
I < S I M P I E ~ E R T I O N >  
< IP_ASSERTION> : : = < IP~CLAUSE > ~ S I M P ~ S E R T I O N >  [ELSE ~ASSEKPIONONBODY > ]
< S I M P ~ S E R T I O N ,  ::= /GmAsRT/ < R E L A T I ~ M P R >  
[~PU]S-MINUS>~ARIT4-EXPR> /ASRANGE/ [%/AsPC/] J 
~RELATIONALEXPR> ::= <ARITTLOLDIGfi-EXP> 
/ASEXPS/ /E( 3 )/ <RELATION>/ASW 
c-OKDIGIT-EXP > /ASWPS/ 
<PLUSLUSMINUS> : := /PUISMIN/ 
tARI:TB-EXPR> : : = / S m  /-NIT/ 
<TERM> [<ADD-OP>/AREXSl/ /SPOPl/<TERM>/S'mP2/]* 
tTJZmf> : := <PACIIIR> [ tMSUF-OP>/AREXSl/ /SPOPl/ tFACPOR>/SPOP2/] * 
<SIGN> ::= <ADDDOP> 
< ADD-OP > ::= + I -  
<Mum-OF> * *  . .I * I /  
<-IATION* : : = /EXPONET/ 
<FACIQR> : :  [^ /STNCH?/] [<SIQJ>/AREXSl/ /SPOPAO/]<PRIEtRRY>/CIQSOT//SWPA3/ 
[ ~EXPONENTIATION>/AREXSl/ /~Pl /  < PRIMARY>/SPOPZ/ 1 * 
14-----"o--  
A- 
Figure 4.2 ( 00ntLnued ) > 
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\ 
< IF-CIAUSE > : r =  IF /SETBEXP/ <BOOLEM-TESM> /IFCOND/ 
@( 23 )/ THEN /mm/ 
<BOOLmN-mRM> . : := <BOOLEAN-FACPOR> 
[ <OR>/BE)(PSl/ /SPOPl/ < B O O L E A N - F ~ R > / S 1 K ) P Z /  ] * 
<OR> : : = /Os,OP/ 
<BOOLEAN-P-R> : := <BOOLEAN-PRIMARY> [S/BEfBSl/ /S1K)P1/ 
< B O O T z A N ~ R I m R Y >  /STOP2/]* 
<BOOLEAN-PRIMARY> t := tARITtL0LDIGIT-DtP>/BElBSAX/ 
[ <RELkTION>/BMPSl/  /SrOPl/ 
. <ARITELOII,DIGI'T-EXP >/BEXPSBX/ /m~2/ 1 
< A R I : ~ O ~ D I G I T , M P , : : - / S E T -  /=NIT/ 
<LOLDDD,TERM> 
[ tLOR,DDOP1 >/-I/ /STOPl/ t l C O K D - T E R M > / ~ P Z /  1 * 
<&OLD-OPl> ::- < m - O P >  . 
. I <DIGIT-OR> 
<DIGIT-OR>. . : :=. . /D?GITOR/. 
cD-SIS-DEFINITION> 2,:- . <DIACXOSIS+/DIAGl <LRBEL>/SVL8L/ [ : ] 
<DIAG-BODY> /SPDIAG/ /SPNPEND/ 
<DIACZYOSIS> : := /DIAGNOS/ 
<DIAG-BODY, : : = COPERA9QR /E( 15 )//E( 16 )/ <MESSAGE> r ] tDIAGJO3YwD> 
C , < D I A G m >  I* 
<DIAGJEYWD> r r - [APFECTED] <COMPCOMPFAIG> /E( 24 )/- <AFFECF~-=NENTS> 
I COTHER] <PARAMETER> /E( 24)/= toTHELP->/SPW 
I PRINT/E( 24)/-/E( 27 ) / ~ ~ ~ / S P Y P /  
I TIME @( 24)/= <TIMING> 
I RESPONSE > /E( 24)/= t O P E R A M L R E S W N S E ~  
<OPERATOri,RESPONSE> i t =  <OPERAMR> /OPRPSl/ 
I ( < OP-WLIST>/RPAR/ ) [ ?/OPRPSl/ ] 
I <OP-vAR> [?/OPRPSl/] 
<OPERATOR> : r =  /OPSm/ 
<OP--LIST> : r =  <OP-vAR> [,<OP-VAR>]* 
tOP,VAR> t  : = @( 32 )/ < IDENTIFIER%/OPRPS2/ < SUBSCRIPT-LISP, 
.MESSAC;jEtDEPINITION> r := teAGE>/E( 27 )/<LRBEL+/SVLBL/ [ t  ] 
CALIAS /E( 28 )/@( 29 )//E( 30 )/ = <==+/SVSYN/ I 
C=/E( 24 )/=I < m = T E X T > / m G /  /-/ 
<SYNONYM> : : < IDENTIFIER, 
cMESsAGE-'mxT> : :a @( 39 )/<--ELEM> C C ,.I <=-ELEM> I* . 
' . .<-> . : : r  . < m m N G > / 7 X K H /  . . 
/* DATA DECIEARATION SPECIFICATION - */ 
<DAT3LDCLSPEC> t  : = M;rL /SLICPIRAT/ <DAT9,DCL> /STDATA/ /SPlrlPEND/ 
*DAmDCL> i := < m D C L >  
I /MEiTEP/ tREC-DCL> C, <RECCDCL>]* /=IN/ 
< m D C L >  t : =  <IDENTIFIER> /MDCY /EXOPE/ -ID/ 
-[ , m / M S c o P E /  <IDENTIFIER> -ID/ /MLISTIN/ I* 
/E( 16 )/ : <MPATl!RIB> /MLISrCO/ 
<RECREcM-'L> t  : = <UNSIGNH1),INTEGERi /MRDCL/ /E( 37 )/ < IDENTIFIER>/ME'PID/ 
r < M F A m B > p I m /  
<MFATPRIB> r r -  @(le)/ <MTpcTYPE> /xPmYP/ 
C ( 4mIGNEDGNEDINTEcgR> /MPD=/ /E( 5 )/ 1 
[ ARRAY /ME'-/ ( <DI~N> /MFCEIAR/[,tDIMU> -I* /E(5)/ ) 
m w ~ l  
<DAT&lVPE+ ::=DEC I DECIMAL 1 
DIG I DIGITAL 1 
BOL I BOoLeAN 1 
null I INTEGER I 
< IDENTIFIER> 
<DIMN > ::- tLA.BEZ> I * . 
/ * UtrP SPECIFICATION */ 
t C O M P C O M P F A I L ~ >  : 1- @( 35 )/ /E( 24) /  /E( 36 )/ ALIAS = *SYNON%!M>/SVSYN/ 
1 < ~ L U R E > [ < F u N C P I O N > ]  = c I D ~ I P I E R ~ / P L S F P /  
I t P m >  - t P ~ L I S T > / S V P ~  
1 INDmc = < F A I ~ I N D E X > / F I S I D x /  
1 <PRDTECP> = ~PRoTEcTIOLP> 
{ <ammlm> 
a PAm-LIST> ::= (<PARlLWlME* [,<PARM-NAME+]* /RPAR/) 
I <pARKm=> 
<UUTUUTWNNECTION,POINT, 1 : -  <ULfi-POINT>[<ONSIGNEDGNED~CgR>/SVSE(U][:]/E(37)/ 
< IDENTIFIER>/UIJTPNT/ /SPRPSUB/[ tCNXSUBSCRIPT> ]/OUTSUBS/ 
C , < ~ U L I T P o I N T ~  > I */-/-/ 
tUUT-POINT,: : := /am,PNT/ 
<CNXSUBSCRfPT>::= ( /S=/ <UNSIm-INTEGER>/STINT/  
[,<msIGNEDGNEDImGER>/STINT/]* ) /SUBSEND/ 
<UUT-FOINTJEYWD> : :- @( 35 )//E( 24)//E( 36 )/ALIAS = <SYNONYM>/SVSYN/ 
1 <comEm> = ,  <UUT-cUNNEcmR> 
I LIMIT = <PRoTECPIVIDLLIMITS> 
I ~-s> 
. . 
.<CONNECT> r r = /txmn?m/ 
<VrJTVrJTcxxmEcmR> : : = (/m( 37 )/ <OONNCOMPTYPE>/svcmm/ 
C ,/E( 37 ) / < C O N N C O N N P Q I ~ > / ~ / I  /=W ) 
I <CONNCONNTYPEi /SKNTW/ 
<CONNCONNTYPE> 2 : <IDENTIFIER> 
t C o N N - m I m >  : : - t IDENTIFIER, 
<PROTECXIVE-LIMITS> : : = /-/( [ <DIMENSION>/PMSDPI/] C , [ <W%-LIMITs 
/mw1 c.c~MIN,LIMIT~/-LL/ l  
C ,/E( 37 )/<-mfNT>/=l='J!/l I l/RPAR/ 
I tDIMENSION>/PEESW 
<-LIMIT> : r r  <NUMBER> 
<BUN-LIMIT, 2:- tNUMBER> 
<-INT> : := <IDENTIFIER> 
/* ATE SPECIFICATION */ 
tA'Pe'Pe~ION>::=<FUNCPION>C~UNSI~-INTEGER>/SVSE(U][:]/E(37)/~IDENTIFIER> 
/A-//sveMY [ , < m I ~ - =  > 3 */S 
<FONCTION-KEYWD> : : /E( 35 )/@( 24 )/@( 36 )/ALIAS = <SYMONYM>/SVSYN/ 
1 [ <FUNCTION> ] TYPE = <FUNCPION~TYPE>/FNSTYP/ 
I #PINS = <UNSIGNH)-INTEGER>/PNJINS/ 
I < P A I u m m m >  = <PARM> 
I VALUE [REWRNED] tATl'RIBF> 
I <-> 
. I <REQUIRE>/SREQUI/ 
<PCJNCTION-TYPE> ::= /E (21) /  S I M I F I E 
<ATPRfB> : : = < P ~ T Y P E > / P U S l W ? / ,  /E( 1 8  )/ <DAT9,TYPE>/SnrPYP/ 
[ ( <UNSIQ?ED-lWi%GER>/STDINT/ ) ] 
[ ARRAY /SPRPAR/ ( <INTEGER> /STARAY/ 
C ,  <-> /-y/1* 
/E( 5 )/ /ENDAR/ I 
<A'FI?RIBF> : : = /E( 18 )/ <DAT9,TYPE>/STFlYWP/ 
[ ( ~ u N s I ~ ~ I ~ > / S T D F I N T /  ) ] 
[ ARRAY /STRTFAR/ ( INTEGER> /STPARAY/ 
[, <INTEGER> /STFAmY/]* 
/E( 5 )/ /ENDFAR/ I 
<REQUIRE> 3:- REQ = /E(36)/  <PHRASE13 [,/SAVECO/<PHRASEP>]* 
I FtEQUIRE = @(36) /  <PKRASEl> [,/SAVECO/<PMZASE2>]* 
<PEiRASEl> : r - <VERB>/SAVEID/ <PHRASE3 > 
t VERB > : :- APPLY 1 MEASURE I W I m R  1 VERIPY 1 DO 
(PEIRASEZ, : :- CtREQTXT> /SAVEID/]* [ t m O K P A R A > ] *  
[<REQTXP> /SAVEID/]* [<~O~ARAs]*[tDILOKIDEN>/SAVEID/] 
*PMZASE3>- :.:& (/SAVELP/ <PHRASES> I)/SAVERP/ I <PHRASE2> 
t ACTION-VERB > r r -  <IDENTIFIER> 
<QKICLIsT> ::- [<IDENTIFIER> [ ( ) I *  I* 
F i g u r e  4.2 ( 
\ ,  
- - 
/* MI- */ 
<ANDANDOR> r 1-  /ANDOFOP/ 
<-STRING> 1 : -  /CBARSTR/ 
<ammNT> 1 := /comEm/ 
tam!ENTS> 1 8 -  [ <cOMMEWP> .@( 24)/-] ~CHALSmzINGs/SCOEif/ 
~COHP-PAIL> 1:' /- 
<--FAI:L=W > 1 : -  < ~ I ~ - ~ >  
<comoNmT> 1 1 -  <IDENTIFIER> 
<--> r r =  <IDlWTIPIER>/CMPSID/ [ ( / C M P S F P / < ~ > / B I P S I D /  
[ <AND-OR>/CMPrnP/ <COIBONEPPP>/cxPSID/ ] * /FFRSEP/ ) ] 
I <-J'=L=QN>/-Py 
tDIMmSION> r r = /DIIIREC/ 
<EXICePT> 1 1-  /EXCEPT/ 
<FAILURE> r :- /PULURE/ 
<P-INDEX> 8 8 -  <INTEGER> 
 ION> 1 r- /FUNCION/ 
< IDKmIPfER> 1 -  /NAmmc/ . 
< INTEGER, 1 *' /- 
<bIESSUg> 1:- /msmGE/' 
<NUMBER> 1 : -  /MMBER/ 
<PARMmm> 1 /PARAblET/ 
<Reqmrr> 1 8' /IREQ1ICP/ 
< ~ ~ ~ >  1 1 -  /smmc/ 
< S m S a U P T - L I  ST> : r -  [( <SUBSCRIPT>. [, <S!BXRIPT>]* /WAR/)] /DCLSVAEI/ 
t SUBSCRIPT > : : - /E( 1 )/<ARITEi-EXPRs /M=LSUBS/ 
<UNSICHeDCHeDINTEGER> 1 r -  /OOSIm/ 
1 .  <UNSIa4ED-NublBER> 1':- ' /POSNUMB . . 
_ _---- 
Figure  4.2 ( continued) 
4 - 1 4  - 
SAPG i t s e l f  i s  a  smal l  t h r e e - p a s s  compiler  which a c c e p t s  a s  
i npu t  a  formal d e s c r i p t i o n  of a  given language L (he re  NOPAL) expressed  
i n  a  meta-language EBNF/WSC. I t  produces a  PL/1 program (SAP) which 
ana lyzes  t h e  s ta tements  i n  t h e  language L and coo rd ina t e s  t h e  encoding 
and s t o r i n g  of  t h e  s t a t emen t s  i n  an i n t e r n a l  form. SAPG p roces ses  t h e  
s e t  of EBNF/WSC source  s t a t emen t s  ( i . e . ,  product ions)  i n  t h e  fo l lowing  
t h r e e  pas ses .  
In  Pass 1, it performs l e x i c a l  a n a l y s i s  o f  t he  EBNF/WSC p roduc t ions  
and encodes them i n  an "Encoded Table.": Non-Terminals appear ing on t h e  
l e f t - h a n d  s i d e  of t h e  symbol : := i n  a  product ion a r e  p l aced  i n  a  
"Symbol Table,"  while non- te rmina ls  appear ing  on t h e  r i gh t -hand  s i d e  
a r e  p u t  i n t o  a  Work Table." Subrout ine  c a l l s  and t e rmina l  symbols a r e  
placed i n  subrout ine  and te rmina l  symbol t a b l e s  r e s p e c t i v e l y .  . A l t o -  
. .  . 
ge the r  SAPG main ta ins  f i v e  i n t e r n a l  . . t a b l e s  (Encoded, Symbol, work, 
~ e k i n a l ,  and Subroutine). .  4 
I n  Pass 2 ,  SAPG scans  t h e  Encode Table t o  r e s o l v e  t h e  symbolic 
r e f e r e n c e s  i n  t h e  Work Table  ( i . e . ,  f i n d s  non- terminals  on t h e  r i g h t -  + 
hand s i d e  of t h e  o r i g i n a l  p roduc t ion) .  I t  checks t h a t  each non- 
t e rmina l  on t h e  r i gh t -hand  s i d e  of a  p roduc t ion  i s  d e f i n e d ,  and l i n k s  
it t o  t h e  corresponding e n t r y  i n  t h e  non- terminal  symbol t a b l e .  
Undefined, a s  w e l l  a s  c i r c u l a r l y  de f ined ,  nonterminals  a r e  d e t e c t e d  
i n  t h i s  phase and r epo r t ed  a s  e r r o r s .  
I n  Pass  3 ,  SAPG gene ra t e s  SAP code i n  P L / I .  This phase of  
SAPG i s  e n t e r e d  only  i f  no e r r o r s  were d e t e c t e d  i n  t h e  f i r s t  two 
pas ses .  For each EBNF/WSC produc t ion ,  a  PL/I Procedure i s  generate.d,  
which r e t u r n s  a  h%oiean va lue .  The procedure  r e t u r n s  a s  0 
va lue  on f a i l u r e  of  r e c o g n i t i o n  of t h e  f i r s t  s y n t a c t i c  u n i t  
on t h e  r i gh t -hand  s i d e  of t h e  symbol ::= i n  t h e  produc t ion .  
Otherwise ,  i t  r e t u r n s  a  1 va lue .  The e x c l u s i v e  n a t u r e  o f  
EBNF produc t ion  r u l e s  and a l t e r n a t i v e s  is  implemented .by PL/I 
IF-THEN-ELSE s t a t emen t s .  R e p e t i t i o n  b racke t s  ( [ . . . I * )  i n  a 
produc t ion  cause  gene ra t ion  of  GOT0 s t a t emen t  i n  a  p l a c e  of  
SAP t o  scan aga in  t h e  f i r s t  s y n t a c t i c  u n i t  of  t he  group.  .Each 
sub rou t ine  name embedded i n  s l a s h e s  i n  EBNF/WSC becomes a  \, 
s t c a l l "  s ta tement  f o r  t h e  sub rou t ine .  C a l l s  t o  the  l e x i c a l  i \> 
scanner  LEX and o t h e r  s e r v i c e  sub rou t ines  a r e  a l s o  i n s e r t e d  
ii 
. . in SAP, a s  h d i c a t e d .  
'As  an  example o f  t h e  SAP code t h a t  SAPG produces ,  c o n s i d e r  
a 
t h e  fo l lowing  r e p r e s e n t a t i v e  produc t ion  r u l e s  (EBNF/WSC 
l i n e s  .115-118 and 65 of  F igure  4 . 2 )  : 
< DIAGNOSIS - DEFINITION > : :=< DIAGNOSIS > / D I A G l /  
< DIAG - LABEL >/SVLBL/ [ : 1 
< DIAG - BODY > /STDIAG/ 
/STMTEND/ 
< DIAGNOSIS > ::= /DIAGNOS/ 
< DIAG - LABEL > : := LABEL 
/LABEL/ < LABEL > ::= 
The corresponding P L / I  code generated for it by SAPG ' 
in the third pass is: 
D I A G N O S I S  - D E F I N I T I O N :  PROCEDURE RETURNS (BLT(1)); 
CALL $MARK; 
I F  DIAGNOS THEN 
DO; CALL S P O P F ;  
CALL D I A G 1 ;  
I F  LABEL THEN 
DO; CALL S P O P F ;  
CALL SVLBL;  
$ S Y S  - 0 4 9 :  CALL LEX; 
I F  LEXBUFF = ': ' THEN 
DO; CALL LEXENAB; END; 
E L S E ;  
I F  DIAG-BODY THEN 
DO; I F  ERRORSW TREN 
DO; CALL SSUCCES ; 
END ; 
ELSE;  
CALL S T D I A G ;  
CALL STMTEND; 
CALL SSUCCES; 
RETURN(' 1 ' ~ ) ;  
END ; 
END ; 
ELSE DO; CALL $FAIL; RETURN('I1B); EBD; 
END; 
ELSE DO; CALL $FA.IL; RETURN('OtB) ; END; 
END DIAGNOSIS-DEFINITION; 
The a b o v e  c o d e  would become a n  i n t e r n a l  p r o c e d u r e  
i n  SAP. The s u b r o u t i n e s  b e g i n n i n g  w i t h  a  d o l l a r  s i g n  ($ )  
are service routines, which are internal to the 
mechan i sms  o f  SAPG.. N o r m a l l y ,  t h e y  do  n o t  c o n c e r n  the 
, 
.Janguige d e f  'ner .  T h e s e  r o u t i n e s  a r e .  f u r t h e r  d i s c u s s e d  
b In S e c t i o n  4.3.6.  Two r e c o g n i z e r  r o u t i n e s  (DIAGSOS 
and LABEL) a r e  i l l u s t r a t e d  i n  t h e  above  example .  If 
e a s u b r o u t i n e  a p p e a r s  a l o n e  a s  t h e  r i g h t  p a r t  ( i - e . ,  the 
p a r t  to t h e  r i g h t  o f  t h e  symbol  ::-) o f  a p r o d u c t i o n ,  the 
s u b r o u t i n e  i s  d e t e e m i n e d  by SAPG a s  a  r e c o g n i z e r  routine. 
F o r  e x a m p l e ,  DIAGNOS i s  a  r e c o g n i z e r  r o u t i n e  b e c a u s e  of 
t h e  p r o d u c t i o n  '<DIAGNOSIS ? : := /DI.AGNOS./ ". R e c o g n f z e t  
r o u t i n e s  and t h e i r  r e f e r e n c e s  a r e  f u r t h e r  e x p l a i n e d  i n  
S e c t i o n  4.3.3. How SAPG g e n e r a t e s  t h e  a b o v e  PL/Z c o d e  i s  
b r i e f l y  e x p l a i n e d  i n  t h e  n e x t  p a r a g r a p h .  
B e f o r e  g e n e r a t i n g  t h e  c o d e  f o r  t h e  p r o d u c t i o n  
< DIAGNOSIS-DEFINITION ,, SAPG h a s  d e t e r m i n e d  t h a t  
4 -.I8 
DIAGNOS and LABEL are recognizer routines and hence that 
<DIAGNOSIS > a n d  <DUG-LABELBin this production are the 
aon-terminals associated with the two recognizer routines. 
First, SAPG generates DIAGNOSIS-DEFINITION procedure 
header based on the production named <DIAGNOSIS-DEF- 
INITION>. Then "CALL $MARK;" is generated to'mark in 
the error stack the beginning of error codes for this 
production. Next comes the non-terminal dDIAGNOSISw 
which has been determined to be associated with the 
recognizer routine DIAGNOS, hence "IF DIAGNOS THEN DO; 
CALL SPOPF;" is produced. IFCALL SPOPF;" is 
to pop the top error code from the error stack, if any. 
Then, / P I A G l /  sub.routine call' is encounte'red;' therefore, 
'i. . 
the .corresponding "CALL DIAGI; PL/I . statement is 
generated. Then comes <DIAG - LABEL>, associated with 
the recognizer routine LABEL, as indicated; hence "IF 
LABEL THEN DO; CALL SPOPF;" is produced. "CALL SVLBL:' 
- .  
is then generated due to the immediately follow.ing sub- 
- I 
routine call ISVLBLI. Now a left bracket ( , I ) ?  signal- 
. . 
ling the beginning of an optionality group, is encounter- . 
ed, hence a unique PL/I statement iabel Cin this case, 
"SYS-049:") is generated. Then comes the terminal symbol 
colon. ( : I .  A call to the lexical analyzer (-LEX) is 
generated. If the current token Cin LEXBUFF) is a colon, 
a  c a l l  (LEXENAB) t o  "enab le* '  t h e  LEX i s  a l s o  g e n e r a t e d .  
Then sDIAG-BODY > f o l l o w s ,  which  i s  d e f i n e d  i n  a n o t h e r  
p r o d u c t i o n .  Thus ,  " IF  D I A G  - BODY THEN D O ;  I F  ERRORSW THEN 
DO; CALL SSUCCES; RETURN('l1B); E N D ;  ELSE;" i s  p roduced .  
T h i s  c a u s e s  SAP t o  r e s t o r e  t h e  e r r o r  s t a c k  (by  c a l l i n g  
SSUCCES) and  r e t u r n  v a l u e  1 ( t r u e )  i f  some e r r o r s  h a v e  
b e e n  d e t e c t e d  (and  h e n c e  e r r o r  s w i t c h  "ERRORSW" h a s  b e e n  
s e t )  i n  t h e  p r o c e d u r e  f o r  t h e  p r o d u c t i o n <  DIAG-BODY > .  
F i n a l l y ,  two s u b r o u t i n e  c a l l s  . . /STDIAG/ and /STMT,END/ 
f o l l o w ,  h e n c e  "CALL STDIAG;" and "CALL'STMTEND;" a re  
g e n e r a t e d  r e s p e c t i v e l y .  The P L / I  DO g roup  i s  wrapped up 
a f t e r  r e s t o r i n g  t h e  e r r o r  s t a c k  (CALL SSUCCES) and  re t -  
. . 
. . 
u r d i n g  t r u e .  ~ i l  ELSE g r o u p s  e -xcepk  t h e  v e r y  l a s t  one  
. . . .  -. . 
. a r e  c o m p l e t e d  ~ ~ ' " C A L L ' S F A I L ;  RETURN('I1B);", whYch 
i s s u e s  a n  e r r o r  message', r e s t o r e s  t h e  e r r o r - s t a c k ,  and 
. b  
r e t u r n s  a t r u e  v a l u e .  The  l as t  e l s e  g roup  i s  c l o s e d  i n  
t h e  same way e x c e p t  i t . r e t u r n s  a  f a l s e  v a l u e .  A t  t h e  end  
of t h e  p r o d u c t i o n  <DIAGNOSIS-DEFINITION . , t h e  "END 
DIAGNOSIS-DEFINITION;*' i s  g e n e r a t e d  t o  end t h e  p r o c e d u r e  
d e f i n i t i o n .  
. . 
4 .2 .3 .  LIMITATIONS AND IMPLEHEXTATION RESTRICTIONS OF SAPG 
SAPG t o g e t h e r  w i t h  EBNF/WSC h a s  proved t o  b e  a  v e r y  
u s e f u l  t o o l  f o r  de f in i -ng   NOPAL PAL . l anguage ,  b e c a u s e  i t  . 
a l l o w s  c h a n g e s  t o  t h e  l a n g u a g e  t o  b e  made r e l a t i v e l y  
e a s i l y  d u r i n g  i t s  deve lopment .  T h e , a l t e r n a t i v e  of  w r i t i n g  
the syntax and statement analysis program manually would 
be much more tedious. Although the SAPG approach has been 
found adequate for generating SAP for NOPAL, some limita- 
tions are mentioned below. 
The first 1im.itation is that SAPG only generates a 
SAP which performs statement-by-statement analysis to 
verify syntactic and local semantic correctness, the 
former directly and the later through subroutine calls. 
Consequently, gl'obal, inter-statement analysis is handled 
beyond the scope of SAP. Fortunately, NOPAL language is 
non-procedural, and'each statement is independent. It 
. turns out that the statement-by-statement local analysis 
is appropriate and .adequate' as a. first pass.. ' Global 
- - 
-- . 
analysis of the.NOPAL specification is one of the major 
tasks of the NOPAL processor to be discussed in Chapter 5. 
SAPG has however several disadvantages. It is 
necessary for a language definer to define in PL/I all 
error-message routines and to insert the names of these 
routines in the EBNF/WSC specification. This is a tedious 
and time-consuming task, which requires a modification of - * 
the SAPG system. The SAPG system, in principle, could be 
designed and implemented in such a way that it would auto- 
matical-ly generate the error mes-sages for'missing or 
inc0rrec.t syntactic units, based on the EBNF/WSC speci- 
fication. 
4-21 
A s t anda rd  f a c i l i t y  ( s t o r e / r e t r i e v e  subsystem) f o r  
s t o r i n g  source  language s t a t emen t s  was developed and added 
t o  t h e  o r i g i n a l  SAPG. Note t h a t  r o u t i n e s  f o r  encoding of 
s y n t a c t i c  u n i t s ,  t empora r i l y  s av ing  o f  da ta ,  and invoking t h e  
STORE sub-system ( t o  s t o r e  s t a t emen t s )  must  s t i l l  be w r i t t e n  
manually. 
There a r e  some r e s t r i c t i o n s  on the  way EBNF/WSC i s  
used t o  s p e c i f y  a  language,  due t o  t h e  way SAPG has  been 
implemented. SAPG does no t  gene ra t e  a  run t ime ,  s t a c k  f o r  
s y n t a c t i c  u n i t s  dur ing  syn tax  a n a l y s i s  and hence does no t  have 
a back t rack ing  c a p a b i l i t y .  'Thus, t h e  gene ra t ed ' -pa r se r  SAP 
i s  s t r i c t l y  s e q u e n t i a l .  As a  consequence, t h e  f i r s t  r e s t r i c t i o n  
i s  t h a t  no p r o d u c t i ~ n  r u l e  i n  t h e  EBNF (and hence EBNF/WSC) 
. . 
. . 
s p e c i f i c a t i o n  can invo lve .  l e f t  r e c u r s i o n .  A produc t ion  i s  
l e f t  rec .urs ive  i f  t h e  f i r s t  symb.01 on the  r i gh t -hand  s i d e  of 
t h e  symbol : := i s  a non- terminal  which i s  t h e  l e f t - h a n d  s i d e  
non- t e rmina l  i t s e l f ,  o r  which e v e n t u a l l y  r e f e r e n c e s  the  l e f t -  
hand s i d e  non- terminal  through v a l i d  s u b s t i t u t i o n .  A s o l u t i o n  
t o  t h i s  problem presen ted  by t h e  o r i g i n a l  SAPG system i s  t o  
circumvent t h e  l e f t - r e c u r s i o n  r e s t r i c t i o n  by us ing  t h e  
r e p e t i t i o n  f e a t u r e  of  EBNF'. 
A second r e s t r i c t i o n  i s  t h a t  an o p t i o n a l i t y  group must 
be  d i s t inguishe .d  by i t s  f i r s t  s y n t a c t i c  u n i t  ( t e rmina l  o r  
non- te rmina l )  . In  o t h e r  words, t h e  f i r s t  s y n t a c t i c  u n i t  which 
immediately fo l lows  t h e  o p t . i o n a l i t y  group must be 
d i f f e r e n t  from t h e  f i r s t  s y n t a c t i c  u n i t  o f  t h e  o p t i o n a l i t y  
group. For example, i f  " [ ,KEYWORD1 = . . . I  ,KEYWORD2 = . . . I t  
appeared i n  a  p roduc t ion  and t h e  comma (",") i t s e l f  were 
a l e x i c a l  u n i t  ( i n  NOPAL processor  t h e  comma i s  t r u l y  a  
l e x i c a l  u n i t ) ,  it would be  impossible  t o  determine by 
scanning a  comma t o  which group t h e  comma should  belong.  
T h i s  would be overcome i f  t h e  l e x i c a l  r o u t i n e  were made 
t o  have back - t r ack ing  c a p a b i l i t y .  Another s o l u t i o n  i s  t o  
t r e a t  t h e  comma (",") a s  p a r t  of  t h e  keyword. The l a s t  
a l t e r n a t i v e  i s  t o  r e w r i t e  t h e  EBNF s p e c i f i c a t i o n  t o  remove 
such occur rences ,  i f  p o s s i b l e .  
The f i n a l  r e s t r i c t i o n ,  a l s o  stemming from t h e  s t r i c t  
s e q u e n t i a l i t y  o f  SAP, i s  t h a t  every a l t e r n a t i v e  of  a  
g iven  produc t ion  r u l e  must be d i s t i n g u i s h a b l e  by i t s  f i r s t  
e lement .  To i l l u s t r a t e  t h i s ,  cons ide r  t h e  fo l l owing  
example o f  f o u r  p roduc t ions  o f  EBNF f o r  NOPAL i n  
. - F i g u r e  2 . 1 :  
< COMPONENT - CONJUNCT >::= < COMPONENT > 
I <  FAILURE - FUNCTION > ( < COMPONENT > 
I & <  COMPONENT> I * )  
< COMPONENT >::=< IDENTIFIER > 
< FAILURE - FUNCTION > : := < FUNCTION - ID > 
< FUNCTION - ID > ::= < IDENTIFIER > 
I n  t h e  above example, both < COMPONENT > and <FAILURE - 
FUNCTION > a r e  def ined a s  < IDENTIFIER >. In o rde r  
t o  recognize a s t r i n g ,  say,  llOPEN (RESISTOR)" a s  a 
< .FAILURE FUNCTION > ( < COMPONENT > ) and, i n  t u r n ,  a s  
a < COMPONENT CONJUNCT > a syntax pa r se r  wi th  back- 
t r ack ing  c a p a b i l i t y  could f i r s t  t r y  .the < COMPONENT 7 
a l o n e ,  a s  f i r s t  a l t e r n a t i v e ,  where l.!OPEN1l would match . . 
' bu t  t h e  remaining s t r i n g  "(RESISTOR) l1 woull?.. no t  .- Then 
t h e  p a r s e r  would have t o  backtrack and t r y  t h e  second 
a l t e r n a t i v e ,  where "OPEN (RESISTOR) " would be found 
t o  match < FAILURE - FUNCTION > ( < COMPONENT > ) p e r f e c t l y .  
Due t o  l ack  of  such a backtracking c a p a b i l i t y ,  SAPG 
r e q u i r e s  t h a t  each a l t e r n a t i v e  t o  be taken must always 
be determinable by t h e  cu r ren t  token. To .conform t o  
t h i s  SAPG r e s t r i c t i o n ,  the  above example could be 
r e w r i t t e n  by "factor ing out" t h e  common p r e f i x  
< IDENTIFIER > a s  follows: 
< COMPONENT CONJUNCT > ::= < IDENTIFIER > < FUNC OR COMP > 
- - 
< FUNC - OR - COMP > ::= [ (  c COMPONENT > [G c COMPONENT > ] * ) I  
c COMPONENT > : := < IDENTIFIER > 
This  r e s t r i c t i o n  was t h e  reason f o r  r e s t r u c t u r i n g  some 
produc t ions  i n  t h e  EBNF/WSC of  NOPAL from t h e  EBMF. 
The above-mentioned two r e s t r i c t i o n s  make t h e  
w r i t i n g  of t h e  grammar somewhat awkward. EBNF/WSC. f o r  
NOPAL has  been. w r i t t e n  i n  t h i s  form by f a c t o r i n g  o u t  
'.common s y n t a c t i c  u n i t s  t o  h i g h e r  l e v e l s  i n  t-he p a r s e  t i e e  
and .using keywords to. un ique ly  i d e n t i f y  pa ths  o r  o ~ t i o n a l i ' t y  
groups. SAPG w i t h  t h e s e  r e s t r i c t i o n s ,  however, i s  s t i l l  - 
adequate  f o r  t h e  c l a s s  of languages such a s  NOPAL. 
I n  conc lus ion ,  whi le  t h e  SAPG system has  some 
minor l i m i t a t i o n s  and r e s t r i c t i o n s ,  it has  been an adequate  
t o o l  f o r  d e f i n i n g  NOPAL. 
4.3 S u ~ ~ o r t i n e  Subrout ines  
4' pz-___.----- A f lowchar t  showing SAPG and SAP wi th  t h e  types  of  
3 ts 
suppor t ing  sub rou t ines  i s  shown i n  Figure M. The 
J 
, 4 manual ly -wr i t t en  suppor t ing  r o u t i n e s  a r e  o f  t h e  fo l lowing  
\ w - p  
s i x  types :  



































































































































































D I A 6 h O S I S  GE 1 - D E L A Y - T I  : 
OPERATOR MESSAGE: 
TYPE =UARBUP-RSGp 
T I M E =  O m 0 0 0 0 0 E + O O S E C p  
RESPONSE=<DELAY-TIRE); 
4; 
O I A G N O S I  S F R  E O - T O L - F A 1  : 
OPE RATOR MESSAGE : 
(.  A F F E  CTEO CO3PONENTS=FREQ-TOL(ST0-5MMHZ-FRE) OTHE A P A R A M E T E R S = ( ' F h E ~ ' >  
T Y P E  =FREQ-TOL-MSG; 
D I A G N O S I S  F R  EQ-PRNT: 
OPERATOR MESSAGE: 
OTHE fi P A R A R E T E R S = ( F  R EQ r HZ'), 
T Y P E  'TEXT; 
C T E S T  D I S T O R T - 1 O A V ;  
ST Z R U L l  S S - D I S  ~ O R T ~ l C D I S T O R T ~ l G M U ~ ;  
C O N J U N C T I O N  f S-WO001 ( Y S - D I S T O R T - 1 ) :  
( ( ~ 2 4 - 8  1 GND) P U R - S U P P L Y ( ~ ? ~ ~  V O L T  )') g 
< < J l 6 >  = S I G N A L , A R ( ~ ~ . U @ ~  # H Z . l + 1 3  0 0  t O  f r I  K H z  >); 
C O N J U N C T ~ O N  % N - Y O 0 0 1  (SM-DISTORT_i )=  
C(J19,A p 6 N D >  = D I S T O R T I O N  ( 7 - D I S T O R T  X ( 2  K H z  3 )  
TARGET: M - D l  STOAT; 
A S S E R T I O N  s P-UOOO~'(SR-DI s ~ o R T - ~ - ) :  ' . 
-. 
- -- R - D ' ~ S T O R T  <= 3 
SOURCE: A-DI'STORT; 
L O G I C  S L 0 6 1 C G 0  IOCDISTORT-l W: *DISTORT-PRNT~ I ' A U D I O - D I S ~ O R ;  
/ * ** '  F O L L O W I N G  D I A G N O S I S  A L R E A D Y  D E F I N E D  8E:ORE: 
O I A G N O S I S  0 1  STOUT-PRNT:  
OPERATOR MESSAGE: 
OTHE G P A R A H E T E R S ' ( R - D I S T O R T  1 'X'), 
TYPE =TEXT; 
t i t l  
D I A G h O S I S  AU.DIO,DISTOR: 
OPERATOR BES SAGE : 
A F F E  CTEO COMPONEN T S ' D I S T o R T  (AUD L O - ~ O H W )  p 
OTHE c P A R A M E T E R S = ( -  tonuel t m o ) ,  
TYPE = D I S T O R T - n S 6 ;  
F I G U R E  4 . 7 :  ( c o n t i n u e d )  
b 
RESSAGE SHORTED-M S6: 
TExT='R/T PC I N P U T  SHORTED J24-B/J24-C '9 ' A N ~ ~ R C - I C ~  DEFECTIVE. CHECK P 
,. h RINTOUTS FOR DEFECTS.', 'PRESS STOP.'; 
MESSAGE TEXT: AL IAS=OISPLAY,  
TEXT='Cpl I :  <P2)  '; 
UESSACE F R E Q - f  OL-MSG.: 
TEXT='(C) DEFECTIVE.', '5.0 R H Z  STD. OUT OF (P)  TOLERANCE 0'; 
RESSAGE DISTORT-M SG: 
TEXT='CPl)  AUDIO  D ISTORTION GREATER THAN <PZ) PERCENT.*; 
UESSACE TUNE-KSG: 
TEXT='TUNE RECEIVER: PIC C K C  CONTROLS TO 2 5 0 0 0 0 e 0 ,  'ADJUST AUDIO  6A1N CO 
NTROL F9R 2.2 TO 2.8 VAC', '(2.5 VAC NOMINAL). PRESS YES.'; 
RESSAGE VRRS-hS6: 
TEXT='10 M V  DISTORTION REFERENCE VOLTAGE FAILED*@; 
UESSAGE WARMUP-HSG: 
TEXTZ ' IF  A 12 MINUTE WARMUP I S  DESIRED, ENTER I N  720;'. ' OTHERUISEp KEY 
I N  60. PRESS YES.-; 
COMP-FA I L  2: STD,S~MHZ,FRE, FAXLUR E FUNCT ION=FREQ-TOL,  INDEX=^ PROTECT=<l);  
CO.HP-FAIL 3: STD-5MHZ-F.RE, F A I L U R E  FUWCTION=AMPL-TOL, INDEX=Z. PROTECT=(l);  
COMP-FAIL 7: A U D I  0-lOHW, F A I L U R E  FUNCTION=DISTORT, PROTECTt (1  p 6); 
/**********?************************?************/ 
I* */ 
/*  UUT CONkECTlON POINTS  * /  
/ +I 
/*+*r***~*tt**++**t~**t***t*****tt*t****~*t*t**~*l 
F I G U R E  4 . 7 :  (continued) 
I P 
1 UUT-POINT 2 : JZC,B, A L I  AS=Xl24-B, C O N ~ E C T  O R " ( h ~ t f 1 P t E ~  B l  , 
L'IMIT=(VOLT, 3.50300€+01, 2aOCOOOE+01, G N D ) ;  c 
1 UUT-POINT : JZZ-CI ALIAS'CND 9 CONNECTOR=(RULTIPLE, C);  
1 e UUT-POINT : J t b ,  CONNECTOR=( COAXIAL, ) p 
1 L IMIT=(UVCLT,  1 * 0 0 0 0 3 E + 0 2 p  0a00oOOE+00 1 6NO) , 
C O R U E ~ T S =  COAXIAL CABLE'; 1 C. 
I UUT-POINT : J19-L, LXR lT=<VOLT,  ?aOGOOOE+Olp OmOOOOOE+OO~ 6ND); 
' C 
I UUT-POINT Z J19-A, L I M I T = < V O L T ,  5 a00000E+OO O*OOCO@E+OO1 6 N D > ;  
/ + l 
I* ATE FUNCTIOLS +I 
I* + l /************** ***********+*********************+/ 
FUNCTION 20: OHqMETER, FUNCTION TYPE=V, CPINS= 2, 
PARAR-Ol' ( X *  T, LIl41T=(OHM, 5 aOCCIOOE+O3r 1 aOODOOE+OO)); 
FUNCTION 1 2 0 :  ANPL-TOL, FUNCTION TYPE=F, 
. . 
PARAM-Ol=(COflPONENTI S); - 
FUtJCTION 1 [i: PbR-SUPPLY , FUNCTION TYPE-S .#PINS= 2,  
PARA#_@l= ( X 9  S, L I N I T ' ( V 0 L T p  6mOJOOQE+Ol r 0 a 0 0 0 0 3 E + 0 0 > )  3 
FUNCTION 56: SIGNAL-AH, ALIAS=SAN, FUNCTION T Y P E ~ S ,  &PINS= 1, 
PARAH-O1= (XI S. LXMIT=(BHZI 1aGOGOOE+CZr 1 aOO00OE-01)) 
PARAN-@2= (I, S, L I R I T = ( D B  I -1 a00000E+Gl  r -1 m50CJOE+02)) 
PARAM-03= ( 2 ,  S* lm00000€+7S,  -1 a0000 i rE+75)  1. 
PAR AM-@^= (UI SI LIRIT=(KHZ, 1.50C100E+Ol r 1 *00C400€-01)); 
FUNCTION 40:  DISTORTION I FUNCTION TYPE=M, #P INS=  2 , 
PARAR-Ol' CX, TI lmClClOOCE+?Sp -1 m0000t3E+75)) , 
PARAR,OZ=CYr S, LIRI f ' (KH 2 ,  1 m00000E+O2, Oa00000E+OO)); 
FUNCTION 140 :  DISTORT* FUNCTION T YPE=F, 
PARAN-O I= (COHPONEN T, S ); 
FUNCTION 33: s INE-Y~VE,  ALIAS=SINE-DELAY FUNCTf ON T Y P E = R ~  *PINS= 2. 
PARAM-Ol= ( X I  TI L I h l l = ( V O L T p  1 a 0 0 0 0 0 E + O l ,  -1.0b009E+Ol))  
PARAM-O2= ( I ,  TI L I R I T = < M H Z *  la30GOOE+O1, Om3OG00E+OO)) 
PARAN-03= ( 2 ,  S t  LIMIT=<SECI laCO5OOE+?5, -1 a 0 0 0 0 0 € + 7 S ) )  
CORREPtTS='AHPLa, FREO., T I H E  DELVD~;  
f UNCTION 130:  R EF-VOLT, FUNCTION TYPE=F, 
F I G U R E  4 . 7 :  ( c o n t i n u e d )  I 
I 
- -  . - - -  .. - .-- - - . -  . .  -..- - - . . - -  . - .  - - .  - .  
! FUNCTION 11 0: F REQ-TOL, FUNCTION TYPE=F, 
' * PARAR-Dl"  (COHPONENT, S); 
~*** t** t ***++***+**~~tt** t**************************r  
; k 
1 - 
I I 
1 / *  ATE CONIvECTION P O I N T S  * /  
' I* + I  
- l i t * + t + t * t * * + * * * t * * * * * t * * * * t t t t * * * * * e * t * e * * * * * * * * I  
i - ATE-POINT : AT E-JZ48. UUT-PO INTS=CJ24-8); 
END PINIRADIOSET;  
: - 
F I G U R E  4 . 7 :  ( c o n t i n u e d )  
The SOURCE2 r o u t i n e  produces the reformat ted s p e c i f i c a t i o n  r e p o r t  by 
t rave rs ing  the  d i r e c t o r y  and storage e n t r i e s  us inu  RETRIEVE subsystem. 
This r e p o r t  can be suppressed by  g i v i n g  a run-t ime parameter NOSOURCE2!. 
4.5.3 Syntax ErrorIWarning Report 
The Syntax error /warning r e p o r t  i s  another 'document which l i s t s  a l l  
syntax e r r o r  o r  warning messages detected b y  the  Processor du r ing  the  
syntax analys is  phase. As i nd i ca ted  i n  F igure 4.3 t h i s  r e p o r t  i s  qenerated 
by  a c o l l e c t i o n  o f  e r r o r  message rou t ines  (see Sect ion 4.3.2). I f  an e r r o r  
i s  encountered i n  a statement, then the  corresponding e r r o r  code and s ta te-  
ment number w i l l  appear i n  t h i s  repor t .  The e r r o r  codes are enumerated i n  
Table 4.4. The warning messages i n d i c a t e  the assumptions made, o r  the cor -  
r e c t i v e  ac t ions  taken b y  the  Processor. A l l  messages issued dur ing  the  . 
d i f f e r e n t  phases ' a r e  c o l l e c t e d  i n  one f i l e .  
. . 
. .  . 
4.6. Cross Reference Reports 
This  sec t ion  presents the  subsystem which derives, checks the  data types 
and produces a s e t  o f  s i x  reference repo r t s  as summarized i n  Table 4.1. As 
i nd i ca ted  i n  F igure  4.3, these repor ts  a re  generated by a proaram module 
XREF (XREF1 and XREF2) whose i n p u t  i s  the  s to red NOPAL spec i f i ca t i on .  Sect ion 
4.6.1 describes the  cross-reference and a t t r i b u t e  r e p o r t  produces by XREF1. 
Sect ion 4.6.2 presents the  o the r  cross-reference repo r t s  generated by XREF2. 
4.6.0 Data ~~~e Der i va t i on  and Checking 
As w e l l  known, t he  use o f  data types i n  programming languaqes p lays an 
important r o l e  i n  programming documentation and mistake prevent ion. I n  the  
NOPAL system, we used the ideas o f  "dynamic data type" and "der ived data type" 
and decided t o  g ive  the user some freedom i n  choosinp the usage o f  data types. 
The bas ic  data types ava i l ab le  a re  r e s t r i c t e d  by the  types ava i l ab le  i n  
tho  ob jec t  language EQUETA ATLAS. The user o f  the NOPAL system can f r e e l y  
decide what he wants t o  do about the  data types, as long as he uses the  
var iab les  cons i s ten t l y .  That i s ,  he may declare a t t r i b u t e s  f o r  a l l  t he  
var iab les  i n  h i s  NOPAL program o r  declare c e r t a i n  data types f o r  some 
var iab les  o r  simply l e t  the  system de r i ve  a1 1 the  data types according t o  
the  computation spec i f i ed  by the NOPAL assert ions. 
The bas ic  data types ( o r  a t t r i b u t e s  o f  var iab les)  ava i l ab le  i n  the  
NOPAL system are: 
a) INTEGER (abbrev ia t ion :  INT, code: 4); 
b )  DECIMAL (abbreviat ion:  DEC, de fau l t ,  code: 1 ) ; 
c)  DIGITAL (abbrev ia t ion :  DIG, code: 3); 
d )  BOOLEAN (abbrev ia t ion :  VOL, 2-valued d i g i t a l ,  code: 2). 
Note t h a t  f i r s t ,  i n  NOPAL we do n o t  handle the character s t r i n g  operat ion 
because the EQUATE ATLAS has no a b i l i t y  . . i n  handl ing t h i s .  Secondly, the.code 
. . 
. . 
. . 0 i s  ' reserved f o r  'UNDEFINED DATA TYPE. We describe the implementation o f  the  
basic  data type checking mechanism i n  the fol ' lowing. 
. The data type o f  a va r iab le  can be decided ( o r  derived) by 
1. DCL statements, i.e., DCL A d i g i t ;  
DCL B integer;., .; 
2. By the  assignment conta in ing  the  b u i l t - i n  func t ion ,  i .e., i f  "A=TRUEN 
i s  an asser t ion  then A i s  o f  type "d ig"  and i f  "I=SUBS('RPES1 , lo)  ;" 
i s  an asser t ion  then t y e  type f o r  I i s  "INT"; 
3. By associated operator w i t h i n  t h e  scope o f  an asser t ion w i t h  most 
popular  mathematical d e f i n i t i o n  f o r  t h a t  operator,  i.e., i f  ASSR: A=B+C; 
then the data type o f  A, B and C w i i l  be o f  " i n t "  o r  "dec" depending on 
t h e  previous use o f  DCL statement(s);  
4. By the  assignment conta in ing  user-def ined funct ions, i .e., the user has 
de f ined a func t ion  SINGEN and t h e  "value" clause o f  the func t i on  d e f i n i -  
t i o n  i s  def ined as "DEC", then i f  A(. . .)=SINGEN(. . .) i s  an asser t ion  the  
data type o f  A i s  assigned as "DEC" as we l l ;  
5. By propagation, t h a t  i s ,  i f  I1A=B;", "B=C;I1 and "C=D;" are th ree  asser- 
t i o n s  and i f  any one o f  the  th ree  var iab les  has been decided t o  be o f  
some type then the r e s t  w i l l  be decided by propagatina the given type. 
The check f o r  the use o f  data types i f  " o ~ e r a t o r  based" ( i f  we regard 
the  func t ions  as n-ary operators, w i t h  n the a r i t y  o f  the  func t ion) ,  i .e., 
the  data type o f  a va r iab le  i s  determined by  the  use o f  t he  va r iab le  i n  
asser t ion.  For example, i f  "A=B*C;" i s  an asser t ion,  then the  data types f o r  
B and C a re  decided b y  t h e  use o f  the  operator  "*I1, i.e., they must be o f  
type "INT" b u t  i f  C i s  declared o f  type "DIGt1 o r  llBOL1l which i s  incompatible 
w i t h  the d e f i n i t i o n  o f  the  operator,  an e r r o r  w i l l  be repor ted and the user 
i s  asked t o  modify the  poss ib le  hisuse o f  the va r iab le  o r  dec la ra t ion  s ta te -  
t ment. F i n a l l y ,  the  data type fo r :  A i s  propagated from LHS and then o f  type 
I 
"INTIt o r  "DEC" depending on the d i c l a r a t i o n  statements f o r  B and C. I f  none 
' 5  - 
. o f  the  var iab les  a r e  de'clared t o  be o f  any data type, t h e '  system w i l i  assume 
"reasonable" types f o r  the  var iables according t o  the  combination o f  var iables 
and operators. This i s  why we c a l l e d  the  data type check "operator  based1'. 
Furhhermore, t h e  system t r i e s  t o  be as "reasonable" as poss ib le  i n  making the  
m 
decisions, t h a t  i s  unknown types o f  var iab les  w i l l  be qiven a type based on 
the  above f i v e  c r i t e r i a  f o r  ass igning data types; i f  t h a t  e f f o r t  f a i l s ,  then 
"DEC" type w i l l  be assumed, because we t h i n k  t h a t  the  most genera l l y  used type 
i s  "DEC". The p r i o r i t y  o f  ass igning data types i s :  
1. Types declared b y  t h e  user by  us ing  DCL statements; 
2. Types def ined by func t ions  ( b u i l t - i n  o r .  user def ined)  ; 
3. . Types imp1 i e d  by  corresponding operators; 
4. Types propagated b y  ass ignrnent statements ;. 
5. Default .  
The t a b l e  o f  correspondence between operators, b u i l t - i n  func t ions  and 
data types i s  depicted as fo l lows:  
LHS(TYPE) OPERATOR ,RHS( TYPE) 
"dec" o r  " i n t "  +,-,*,/ ,** ".decU o r  " i n t "  
"d i  g t a l  " It ( , It& I td ia i  t a l  " 
" d i g i t a l  " II+, I#+ " in teger t1  .
--------- 
Il A 
"d ig i t a l . "  
"boo1 eanl'(s) . I  ,& "boo1 ean"(s) 
--------- 
-(not)  "boo1 ean" ( s )  
"dec" o r  " i n t "  <,<=, >,>= . "dec." or Ili,,.t" 
s a w  as rhs = A= , y same as l h s  
BUILT-IN FUNCTIONS: SUBS() + 'INT" 
TRUE/FALSE + "BOOLEAN". . 
The implementation: 
INPUT: .User-speci f i .ed NOPAL s taternents ( s to red  i n  assoc'iated memory) ; 
OUTPUT: Array DAT'ATYPES(MSDIRS). 
A1 g o r i  thm: 
1 ) I n i t i a l  i z a t i o n  f o r  DATATYPES; 
2) Deri.ve the  data ,types def ined b y  data dec la ra t ion  statements; 
3)  , Derive the data types imp l i ed  b y  the use o.f NOPAL b u i l t - i n  funct ions;  
4) S t a r t  t he  d e r i v a t i o n  o f  data types imp l ied  b y  the  operators by us ing 
two recurs ive  rou t ines  f o r  IF-clauses and simple asser t ions respect ive ly ;  
5) The c o l l e c t e d  unknown type var iables were entered i n t o  TYPESTACK and the 
propagation o f  t he  types among the unknowns i s  taken p lace i t e r a t i v e l y  
u n t i l  there  i s  no f u r t h e r  poss ib le  der iva t ion ;  
6)  . F i l l  up the  r e s t  o f  t he  DATATYPES w i t h  Code4 (meaning decimal). 
F i n a l l y ,  the  der ived types are passed t o  XREFl procedure and . p r i n t e d  i n  . 
* 
cross-reference repor t .  a 
4.6.1 Cross Reference and A t t r i b u t e  Report (XREF-ATTR) 
The XREF-ATTR r e p o r t  i s  a usefu l  product o f  the syntax and statement 
ana lys i s  phase. It i s  produced by a cross-reference rou t i ne  (XREF1) by 
i n p u t t i n g  the  NOPAL statements s to red i n  the s imulated assoc ia t ive  memory. 
This repo r t  provides an a lphabet ica l  1 i s t i n g  o f  a1 1 the names (as i d e n t i f i e r s  
o r  l a b e l s )  de f ined by the  user i n  the submitted NOPAL s p e c i f i c a t i o n .  For 
each name, the  XREF-ATTR r e p o r t  gives the  statement number o f  the  statement 
which def ines the  e n t i t y ,  the  statement numbers o f  t he  statements which 
reference the  name, and' a 1 i s t  o f  a t t r i b u t e s  regarding the  name. Thus, t h i s  
r e p o r t  i s  usefu l  t o  the  user ducinq the debugging staae. 
F igure 4.8 shows the cross-reference and a t t r i b u t e  r e p o r t  from the  
example g iven i n  Figure 4.7. 
The p r i n t i n g  o f  t h i s  repo r t  can be suppressed by a i v i n g  a run-time' 
. . 
parameter ( NOXREF1) . 
The XREFl r o u t i n e  produces t h i s  r e p o r t  by t rave rs ing  t h e -  di.rectory 
and by  invok ing  the  RETRIEVE rou t i ne  t o  ob ta in  the correspondina references. 
Since the  d i r e c t o r y  i s  i t s e l f  a  b ina ry - t ree  s t ruc tu re ,  an a lphabet ic  o rder ing  
o f  names i s  e a s i l y  achi-eved by an in -order  t rave rsa l  o f  the d i r e c t o r y  ( i .e . ,  
l e f t  subtree f i r s t ,  then t h e  node, f i n a l l y  the r i g h t  subtree);  
4-108 
CE(IDSS REFERENCE AND ATPRIBIPPES REPORT 
D m  No. AND REFERENCES DATATYPE 
ASSERTION LABEL 
ASSERTION LAEEL 
TESTLABEL 
10 12 
ATE-FUNCTION I D  r M  DECIRmL 
14 '69 
ATE-PO= I D  
CmfmmNT I D  , WITEl FAILURE-FUNCl'IQNx REF-\FDYP 
34 
COmOmNT I D  , WITH FAILURE-  ION: D I m m  
52 
OOMPONENT I D  , WITB FAILURE--ION: DISTQRP 
23 
ATE--ON I D  r M  DIGITAL 
4 . . 
ATE-FUNCTION ID r S  DIGI!FA& 
37 26 17 46 
MESSAGE LABEL 
8 13 22 33 -44 51 
DUUNOSIS LABEL 
6 
. . 
. . 
. . 
.~nstuosIs LABEL 
DIAGNOSIS LABEL 
41 
D-IS LABEL. 
41 
DIAC;NOSIS LABEL 
41 
DIAWOSIS I;rA8EL 
12 
DIAC;NOSIS ,&ABES 
12 
STIMUrXJS LABEL 
37 26 
STmuLUs UIBEL 
26 17 46 
TESTLABEL -- 
3 6 
SYNONYM OF MESSGE LABETJ : D '  
ATE-PuNmIOEf I D  , M  DECIMAL 
23 52 71 72 
ATE-PUNCPION I D  , M  I=- 
19 48 , 
TESP'IrABEL 
46 47 50 
TEST GABEL 
16 18 21 
TEST LABEL 
25 27 31 
VmIABLE ID DECIMAL 
40 44 
DCV 
DISLPAY 
D I m m  
Figure 4.8 Firat page of cross reference report 
for MINIRADIOSfi . 
Any e r r o r s  o r  wa rn ings  which a r e  d e t e c t e d  d u r i n g  
t h i s  p h a s e  o f  c r o s s - r e f e r e n c i n g  a r e  p r i n t e d  i n  a  s e p a r a t e  
c r o s s - r e f e r e n c e  e r r o r  r e p o r t .  A comple t e  l i s t  o f  t h e  
messages  a r e  g i v e n  i n  T a b l e  4.3. 
. During  t h e  p r o c e s s  o f  g e n e r a t i n g  t h i s  r e p o r t ,  t h r e e  
o t h e r  minor  t a s k s  a r e  a l s o  accompl i shed .  F i r s t ,  a l l  t h e  
s t imu lus /measu remen t  waveform c o n j u n c t i o n  back  r e f e r e n c e s  
a r e  r e s o l v e d  b e f o r e  t h e  p r o d u c t i o n  o f  t h e  XREF-ATTR r e p o r t  
i s  a c t u a l l y  begun. Second,  f o r  e a c h  v a r i a b l e ,  i t s  s c o p e  
( g l o b a l  o r  l o c a l )  i s  d e t e r m i n e d .  T h i r d , t h e  d i m e n s i o n s  o f  v a r i a b l e s  
o c c u r r i n g  i n  s t r u c t u r e  d e c l a r a t i o n s  a r e  p r o p a g a t e d  t o  t h e i r  
--- 
.- 
A s  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  C h a p t e r . 5 ,  t h e  
v a r i a b l e s  t h a t  a r e  g l o b a l  ( o r  l o c a l )  t o  a  t e s t  module a r e  
i n v o l v e d  i n  d e t e r m i n i n g  one t y p e  of  p r e c e d e n c e  r e l a t i o n s h i p ,  
c a l l e d  d a t a  d ' e te rminancy ,  i n  t h e  p h a s e s  o f  a n a l y s i s  and 
s e q u e n c i n g .   heref fore, t h e  scope ( g l o b a l  o r  l o c a l  t o  a  t e s t  
module) o f  e a c h  v a r i a b l e  i n  t h e  whole  NOPAL s p e c i f i c a t i o n  
must  be  d e t e r m i n e d  b e f o r e  t h e  a n a l y s i s  and s e q u e n c i n g  o f  
t h e  t e s t  modules i s  s t a r t e d .  I f  a  v a r i a b l e  x h a s  e v e r  been  
d e f i n e d  a s  TARGET a l o n e ,  o r  u sed  a s  SOURCE a l o n e  i n  any t e s t  module ,  
o r  h a s  a  d e c l a r a t i o n  t h e n  X i s  a  g l o b a l  v a r i a b l e  ( i . e .  h a s  g l o b a l  s c o p e  
w i t h '  r e s p e c t  t o  t h e  t e s t  modules .  O t h e r w i s e ,  X i s  l o c a l  ( i . e .  h a s  
l o c a l  s c o p e  w i t h  r e s p e c t  t o  e a c h  t e s t  module where  i t  h a s  been  b o t h  
d e f i n e d  a s  T A R G E T  and used  a s  SOURCE). 
A l g o r i t h m  4.4 d e t e r m i n e s  t h e  s c o p e  of  e v e r y  v a r i a b l e  i n  t h e  s p e c i -  
f i c a t i o n .  I t  a l s o  d e s i g n a t e s ,  a s  SOURCE, e v e r y  v a r i a b l e ,  
! ALGORITHM 4 . 4  D E T E R M I N E  S C O P E S  O F  V A R I A B L E S  ASD ' I D E N T I F Y  
S O U R C E  V A R I A 3 L E S  
SO: F o r  e a c h  v a r i a b l e  X i n  t h e  NOPAL s p e c i f i c a t i o n ,  
p e r f o r m  s t e p s  S 1  t h r o u g h  S 4 4 .  . 
S1: G e t  a l l  #SE s t o r a g e  e n t r i e s  o f  X ;  
S e t  fDEF, # R E F ,  ND = 0 .  
S 2 :  F o r  i = 1 t o  #SE, p e r f o r m  s t e p s  S 3  t o  S 1 0 .  
S3: S e t  D E F ( i ) ,  DONE(i) = 0 ;  / *  f a l s e  * /  
S4: I f  i t h  s t a t e m e n t  t y p e  i s  n o t  d i a g n o s i s  
t h e n  g o  t o  S 7 :  
S5: / *  S e t u p  " u s e d "  l i s t  o f , r e f e r e n c i n g  l o g i c  
e n t r i e s .  
Not  r e l e v a n t  h e r e  */  
. . 
. . 
S6 If X i s  a n .  o p e r a t o l  r e s p o n s e  v a r i a b l e .  
go t o  S-9. 
S6.1 I f  x i s  d a t a  d e c l a r a t i o n  t h e n  
(a) s e t  s cope  a s  g l o b a l  
(b) go t o  S9 
S6.2 If x i s  p a r a m e t e r  i n  t e s t  module t h e n  
(a) s e t  s cope  a s .  l o c a l  
(b) g o t  t o S 9  
~ 7 1  / *  S e t  u p  t e s t - l a b e l  f i e l d  o f  c o n J u n c t i o n  
o r  a s s e r t i o n .  Not  r e l e v a n t  h e r e  * /  
S 8 :  I f  X i s  n o t  a TARGET v a r i a b l e ,  t h e n  go t o  
S10. 
S9: / *  accumulate definitibn entries */  
Set RDEF = #DEF +I; 
Set DEF(i), DONE(i) = 1; / *  true * /  
/ *  Set TVAL2 (#DEF) = # of dimensions of 
S10: / *  end of looping * /  
$11: For i - 1 to #DEF, perform steps S12 to ~ 2 9 .  
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ALGORITHM 4 . 4  ( c o n t i n u e d )  
S 1 2 :  S e t  i t h  d e f i n i t i o n  e n t r y  ( v i a  TVAL ( i ) ) ;  
/ *  I f  TVAL2(I)>O, t h e n  X a n  a r r a y  * /  
S13:  I f  c u r r e n t  STMT.TYPE i s  n o t  a  d i a g n o s i s  
t h e n  go  t o  S 1 4 . 1 .  
5 1 4 :  S e t  N = o f  LOGIC e n t r i e s  r e f e r e n c i n g  t h e  
d i a g n o s i s  ; 
S e t  TEST - IDS ( j )  = t h e  t e s t  l a b e l  o f  j t h  
L O G I C  e n t r y ,  f o r  j = 1 t o  N ;  
S 1 4 . 1  I f  STMT.TYPE i s  n o t  w a v e f o r m  t h e n  go 
t o  S 1 5 . 1  
S15 :  S e t  N = 1; 
S e t  TEST - I D S ( 1 )  = t h e  t e s t  l a b e l  o f  t h e  
wa.vef.orm; Go t o  S17 ;  
S 1 5 . 1  I f  STMT.TYPE is  n o t  t e s t  o r  m o d u l e  ' 
* 
f u n c t i o n  go t o  S17 
+ 
S e t  TEST - I D S ( 1 )  = t h e  l a b e l  o f  t e s t  
o r  m o d u l e  f u n c t i o n  
S 1 5 . 3  If  STMT TYPE i s  n o t  d a t a  d e c . l a . r a t i o n  
t h e n  g o  t o  S17. 
S 1 5 . 4  N = O;/* Not  p a r t  o f  a n y  test o r  m o d u l e  
DEFN(ND) = TVAL (I) 
A L G O R I T H M  4.4 (continued) 
> 
S17: For k = 1 to N, perform s t e p s  S18 t o  S28 .  
S18:  Set TEST-ID = TEST- IDS(k). 
S19: For j 1 t o  #SE, per forms  s f e p s  S20 
S 2 0 :  I f  c u r r e n t  ( v i a  j t h  s t o r a g e  e n t r y )  
s t a t e m e n t  typ.e i s  n o t  d i a g n o s i s ,  
t h e n  go  t o  S 2 3 .  
. . S21:  If D E F ( j )  = 1 and X i s  n o t  i a  t h e  o t h e r  
. . .  
p a r a m e t e r s  o f  t h i  d i a g n o s i s ,  t h e n  g o  t o  
. S26. 
S22:  Search a l l  LOGIC e n t r i e s  r e f e r e n c i n g  
t h e  d i a g n o s i s :  I f  t h e r e  e x i s t s  a .  L O G I C  
e n t r y  i n  t h e  t e s t  module w i t h  label = 
TEST-ID,then g o  t o  S25; e l s e  go t o  S26 .  
. ALGORITHM 4 . 4  ( c o n t i n u e d )  
1' . 
a .  
A S 2 3 :  I f  D E F ( j )  = 1, t h c n  go  t o  S 2 6 ;  i f  X is . 
. . 
not i n  t h e  SOURCE v a r i a b l e  l i s t ,  t h e n  
. .." 
a d d  X t o  t h e  l i s t .  4 
a 
S 2 4 :  If tile waveform is  n o t  i n  t h e  module  w i t h  
l a b e l  = T E S T  I D ,  t h e n  go t o  S26. 
- 
8 2 5 :  / *  a c c u m u l a t e  l o c a l  r e f  e r e n c e s -  * /  
S e t  R E F E R E N C E .  ( # R E F )  j; 
S e t  D O N E ( j )  = 1. 
S 2 6 :  / *  En.d o f  l o o p i n g  j * /  . 
S 2 7 :  / *  A c c u m u l a t e  d e f i n i t i o n  and  s a v e  i t s  l o c a l  
r e f e r e n c e s  * /  
. . 
S e t  N D  = N D  C1; 
S e t  DEFN ( N D )  = TVAL ( I )  ; 
. S e t  KEEL (ND) = # R E F ;  
S28:. /* end o f  J o o p i n g  k f r o m  S17 */  
S 2 9 :  / *  end o f  l o o p i n g  i f r o m  S 1 1  * /  
S 3 0 :  / *  d e t e r m i n e  s c o p e  of  X; g l o b a l  o r  l o c a l  */"  
S e t  SCOPESW = 0 ;  / i  0 = l o c a l ;  1 = g l o b a l  * /  
" S e t  K = 0 .  7 
S31: F o r  i = 1 t o  # S E ,  i s  e v e r y  DONE(3. )  = i? 
If y e s ,  t h e n  &a S32,- ;< 
.- 
S 3 2 : -  / *  some r e s i d u a l  r e f e r e n c e s ,  so X . 
g l o b a l  * /  . 
S e t  SCOPES5! = 1; 
Add e a c h  e n t r y  w i t h  D O N E ( i )  = 0 t o  t h e  stack 
R E F E R E N C E ,  a n d  mark its S C O P E  field fir X a s  
g l o b a l ;  go t o  S 3 7 .  
S 3 3 :  F o r  i = 1 t o  N D  whiln, (SCOZ'ESIJ = 1) , pcrfor l l )  
the s t e p  ' S 3 4 .  - 
A l g o r i t h m  4.4 ( c o n t i n u e d )  4-113 
If k = j ,  t h e n  s e t  SCOPESW = 1; I 
e l s e  s e t  k = j .  
s 535: If SCOPESW = 0, t h e n  go  t o  S 4 3 .  
* 
, . S36: / *  g e t  a l l  r e f e r e n c e  e n t r i e s  * /  
S37: F o r  i = 1 t o  N D ,  p e r f o r m  s t e p s  S38 t o  5 4 1 .  
S38: I f  i > 1 a n d  D E F N ( ~ )  = D E F N ( i  - I ) ,  
t h e n  go t o  5 4 1 .  
S 3 9 :  Mark t h e  SCOPE f i e l d  f o r  X as g l o b a l .  
S40: / *  O u t p u t  XREF a n d  ATR e n t r y  * /  
S 4 1 :  / *  end o f  l o o p i n g  i f r o m  S37 * /  
S42: Go t o  S 4 4  
S43: / *  l o c a l  v a r i a b l e ( s )  * /  
/ *  F o r  i = 1 t o  N D ,  o u t p u t  XREF 6 ATTR 
e n t r i e s  * /  I 
S44: I f  X h a s  b e e n  u s e d  i n  two t e s t  m o d u l e s  
\ 
o r  m o r e ,  a n d  a l s o  i n  two d i a g n o s e s  o q  
. . m o r e ,  t h e n  o u t p u t  e r r o r  m e s s a g e  b l l .  
\ 
. . 
- .  . . 
. . S 4 5 :  . / *  e n d  o f  l o o p i n g  f r o m  SO * /  
S 4 6 :  R e t u r n ;  
which h a s  n o t  been  e x p l i c i t l y  d e c l a r e d  e i t h e r  a s  SOURCE 
o r  TARGET i n  t h e  a s s e r t i o n s .  T h i s  r e l i e v e s  th.e u s e r  from ' 
e x p l i c i t l y  d e c l a r i n g  s u c h  v a r i a b l e  a s  SOURCE. 
L a s t ,  t o  f a c i l i t a t e  l a t e r  p h a s e s  o f  p r o c e s s i n g ,  t h e  
s t i m u l u s ,  measurement ,  and l o g i c - d i a g n o s i s  l i s t  o f  e a c h  
t e s t  module a r e  e x p l i c i t l y  l i n k e d  t o  t h e  t e s t  module .  
S i m i l a r l y ,  t h e  con j u n c t i o n  and a s s e r t i o n s  a r e  e x p l i c i t l y  
l i n k e d  t o  t h e i r  c o r r e s p o n d i n g  p a r e n t  s t i m u l i  o r  measurement .  
4.6.2 O t h e r  C r o s s  R e f e r e n c e  R e p o r t s  : DIAG-TEST, MESS-DIAG-TEST, 
COMP-DIAG-TEST, UUT.PT-TEST-ATE-PT and FUNC-TEST 
A v a i l a b l e  t o  t h e  u s e r  a r e  f i v e  a d d i t i o n a l  c r o s s -  
r e f e r e n c e  r e p o r t s  which a r e  g e n e r a t e d  from t h e  s t o r e d  N O P A L  8 
s t a t e m e n t s  by  a  prqgram module ( X R E F Z ) .  These  a r e  
C 
r e p o r t s  i n  which.  t h e  t e s t  modules  a r e  c r o s s - r e . f e r e n c e d  w i t h  
t h e  d i a g n o s i s ,  t h e  messages ,  t h e  a f f e c t e d  components ,  t h e  
U U T  and  ATE c o n n e c t i n g  p o i n t s ,  o r  t h e  ATE f u n c t i o n s  ( a s  
enumera t ed  i n  T a b l e  4-11. These  r e p o r t s  p r o v i d e  b e t t e r  man- 
* 
machine  i n t e r f a c e  and g i v e  t h e  u s e r  a  c l e a r  p i c t u r e  o f  i n t e r -  
a c t i o n s  among v a r i o u s  components o f  h i s  t e s t  s p e c i f i c a t i o n .  
They may b e  e n t i r e l y  s u p p r e s s e d  by g i v i n g  a  run - t ime  p a r a m e t e r  
I n  t h e  DIAG-TEST r e p o r t  d i a g n o s e s  a r e  c r o s s - r e f e r e n c e d  
w i t h  t h e  t e s t  modules .  For  e a c h  d i a g n o s i s ,  t h i s  r e p o r t  l i s t s  
t h e  names of  t h e  t e s t  modules which e v e r  r e f e r e n c e s  t h e  
d i a g n o s i s .  ( F i g u r e  4 -9.) 
The MESS-DIAG-TEST r e p o r t  p r o v i d e s  a  . l i s t i n g  o f  a l l  
t h e  message names , t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  d i a g n o s e s  
and  t e s t  modules  which r e f e r  t o  them. ( ~ i g u r e  4 . 1 0 ) .  
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The COMP-DIAG-TEST r e p o r t s  l i s t s  a l l  t h e  a f f e c t e d  
components  ( i . e . ,  component f a i l u r e s ) ,  w i t h  a l l  t h e  
r e f e r e n c i n g  d i a g n o s e s  and t e s t  modu le s .  ( F i g u r e  4.111 . 
The UUT.PT-TEST-ATE.PT r e p o r t  l i s t s  a l l  t h e  U U T  
c o n n e c t i n g  p o i n t s .  Fo r  e a c h  UUT c o n n e c t i n g  p o i n t ,  t h e  
r e p o r t  p r o v i d e s  a l l  t h e  t e s t  modules  r e f e r e n c i n g  i t ,  w i t h  
t h e  s t i m u l u s  o r  measurement  s e c t i o n s  p r o p e r l y  s u f f i x e d .  
A l so  p r o v i d e d  i n  t h e  r e p o r t  i s  a  l i s t  o f  ATE i n t e r c o n n e c t i n g  
p o i n t s  which  a r e  c o n n e c t e d  d i r e c t l y ,  o r  i n d i r e c t l y  t h r o u g h  
ATE-UUT i n t e r f a c e ,  w i t h  t h e  g i v e n  U U T  c o n n e c t i n g  p o i n t  
( F i g u r e  4 .12 ) .  
The l a s t  c r o s s  r e f e r e n c e  r e p o r t ,  FUNC-TEST r e p o r t  
. . 
. . 
. 
. . p r o v i d e s . . a  If  s t  ~ f  ATE f u a c t i o n s ' ,  .For e a c h  f u n c ' t i o n ,  t h e  
C . ... --- 
r e p o r t  l i s t s  a l l  o.f i t s  r e f e r e n c i n g  t e s t  modu!.es, w i t h  
i 
s t i m u l i  o r  measurements  p r o p e r l y  s u f f i x e d .  ( F i g u r e  4 .13 . ) .  
These  c r o s s - r e f e r e n c e  r e p o r t s  s h o u l d  b e  u s e f u l  t o  t h e  
u s e r  a s  a debugg ing  a i d  o r  f o r  t h e  p u r p o s e  o f  b e t t e r  unde r -  
s t a n d i n g  h i s  own NOPAL t e s t  s p e c i f i c a t i o n .  
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CHAPTER 5 
SPECIFICATION ANALYSIS AND SEQUENCE DETEWINATION . 
5.1 Overview of  Subphases 
This phase of  t h e  NOPAL processor  d e a l s  wi th  t h e  a n a l y s i s  
of .a NOPAL s p e c i f i c a t i o n  and de te rmina t ion  of  t h e  sequence o f  
events  i n  t he  program. This  s e c t i o n  ? r e s e n t s  t h e  background and 
terminology involved i n  t h i s  phase. . I t  a l s o  d e s c r i b e s  t h e  graphs ,  
ma t r i ce s ,  and o t h e r  d a t a  s t r u c t u r e s  t h a t  a r e  genera ted  from a  
NOPAL s p e c i f i c a t i o n .  
In  o rder  t o  e x n l s i n  t he  a lgor i thms  and d a t a  s t r u c t u r e s  used,  
t h e  sample NOPAL s p e c i f i c a t i o n  MINI-RADIOSET, p re sen ted  i n  
Figure  4 . 2  w i l l  be  f r e q u e n t l y  r e f e r r e d  t o  i n  t h e  subsequent  
d i s c u s s i o n s .  
. . .  
. . In a  NOPAL s p e c i f i c a t i o n ,  each: e n t i t y  (e.g.niodfun, t e s t ,  d iagnos is ,  
conjuncti.on, a s s e r t i o n ,  and v a r i a b l e )  i's given a symbolic name 
which i s  e i t h e r  provided by t h e  u s e r  o r  genera ted  by t h e  Processor .  
I n  t h i s  phase each name is  r e l a t e d  t o  o t h e r s  i n  one o f  t h e  s e v e r a l  
ways. 
The types  of  precedence r e l a t i o n s h i p s  d i c t a t e  t h e  fo l lowing:  
1) how t h e  conjunc t ion  and a s s e r t i o n s  i n  a  t e s t  a r e  analyzed and 
I 
sequenced i n t e r n a l l y ,  2)  how t h e  t e s t  modules a r e  analyzed and sequenced 
e y t e r n a l l y ,  and 3)  how t h e  o b j e c t  program i s  genera ted .  For 
, - .  .A 
i n s t a n c e ,  a  g loba l  v a r i a b l e  must be computed i n  a  p redecessor  t e s t  
module b e f o r e  i t  can be used i n  a  successor  t e s t  module. This 
kind of precedence in format ion  can be r ep re sen ted  by a  d i r e c t e d  
graph. There i s  one s e p a r a t e  graph f o r .  each one o f  t h e  t e s t  
modules and one f o r  t he  e n t i r e  c o l l e c t i o n  o f  t e s t  modules,in a 
modfun. (Note t h a t  t h e  p r e s e n t  implementa t ion  a l l ows  one t e s t  p e r  
4 
modfun i n  a MODULE, on ly  t h e  M A I N  MODULE may have any number of t e s t s  i n  . 
i t s  modfun.) A d i r e c t e d  graph c o n s i s t s  of nodes and edges .  Nodes o f  
. t h i s  graph r e p r e s e n t  t h e  e n t i t i e s  form t h e  NOPAL s p e c i f i c a t i o n  
such a s  v a r i a b l e s ,  t e s t s ,  and diagnoses. An edge shows t h a t  
t h e r e  i s  a  r e l a t i o n s h i p  between a p a i r  of nodes and t h e  l a b e l  of 
t h e  edge i d e n t i f i e s  t h i s  r e l a t i o n s h i p .  I f  t h e r e  i s  no edge 
between two nodes it means t h a t  they have no immediate r e l a t i o n -  
sh ip .  
A precedence r e l a t i o n s h i p  ind ica tes  t h a t  one node must precede 
t h e  o the r  a t  execution time of the ob jec t  t e s t  program. Thus one # 
,. 
e n t i t y  i s  s a i d  t o  . b e  a  predecessor of the o the r ,  while  the  l a t t e r  
., i s  s a i d .  t o .  be. a  successor. of the former. A l l  . types of .precedence 9 
. - 
. . 
r e l a t i o n s h i p s  t h a t  e x i s t  among t e s t  modules a r e  summarized i n  
Table  5 . 1 ,  There a r e  only  f t v e  r e l a t i o n s h i p s  within a t e a t  module: 
* 
d a t a  determinancy,  waveform s e t u p ,  h i e r a r c h i c h a l ,  p o i n t e r ,  and -wave- 
form d i a g n o s i s  r e l a t i o n s h i p s .  These a r e  f u r t h e r  exp l a ined  l a t e r .  
A d i r e c t e d  graph (or  a  digraph) G = < N,  E > c o n s i s t s  of a  
f i n i t e ,  non-empty s e t  of nodes (o r  v e r t i c e s )  N and a- s e t  of edges 
(or  a rcs )  E where.each edge i s  an ordered p a i r  ( t , h )  of nodes; t 
i s  c a l l e d  t h e  t a i l  and h  the  head of t h e  edge ( t , h ) .  Node h  i s  
- -
s a i d  t o  be adjacent  t o  node t ,  while edge ( t , h )  i s  s a i d  t o  be 
from t t o  h.  
- -
A weighted d i r e c t e d  graph i s  a  d i r e c t e d  graph i n  which each 
edge ( t , h )  from node t t o  node h  is a s s o c i a t e d  wi th  one o f  a  s e t  
o f  t ypes  of r e l a t i o n s h i p s .  
Weighted d i r e c t e d  graphs a r e  used t o  r e p r e s e n t  a l l  t h e  
d i f f e r e n t  t ypes  of precedence r e l a t i o n s h i p s  de r ived  from the  
NOPAL s t a t e m e n t s .  The weighted d igraph  shown i n  Figure  5.1 
corresponds t o  t h e  i n t e r - t e s t -modu le  r e l a t i o n s h i p s  o f  t h e  example 
of  Fi'gure 4 .7 .  I n  t h i s  graph each node r e p r e s e n t s  t he  name of 
one of  t h e  e n t i t i e s  i n  t h e  NOPAL s p e c 2 f i c a t i o n :  . t e s t  modules, 
d iagnoses ,  and (g loba l )  v a r i a b l e s .  Note t h a t  each node may have 
- 
0 ,  1, o r  more edges emanating from it t o  succes so r  nodes.  The 
l a b e l s  of t h e  edges can be  i n t e r p r e t e d  . . u s i n g  Table  5 .1 .  
. - 
. . 
. . 
Although a  p i c t o p r i a l  r e p r e s e n t a t i o n  of  a  graph i s  convenien t  
f o r  v i s u a l  s tudy ,  t h e r e  a r e  o t h e r  r e p r e s e n t a t i o n s  which a r e  b e t t e r  
a 
s u i t e d  f o r  computer p rocess ing .  The r e p r e s e n t a t i o n  c a l l e d  
ad jacency  mat r ix  i s  used i n  t h e  a n a l y s i s  phase of t h e  NOPAL pro -  
a 
c e s s o r  . 
Given a  digraph G = < N ,  E > c o n s i s t i n g  o f  a  s e t  o f  n  nodes 
N = {V1, V2, . V 3 and a  s e t  of edges E ,  an ad jacency  m a t r i x ,  
A, corresponding t o  t h e  d igraph  G i s  an n by n  ma t r ix  such t h a t  f o r  
a l l  i and j  ( i , j  = 1 , 2 ,  ... n) 
~ ( i , j - )  = 1 i f  (Vi, V.) i s  an edge i n  E ;  J 
- = 0 otherwise .  
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A weighted adjacency mat r ix  which corresponds t o  t h e  .. 
e 
weighted digraph is used i n  o r d e r  t o  d i f f e r e n t i a t e  the  v a r i o u s  
types  of r e l a t i o n s h i p s  t h a t  may e x i s t  between two nodes o f  t h e  
d igraph .  This mat r ix  i s  t h e  same a s  t h e  adjacency m a t r i x  A except  
t h a t  i t  has  a p o s i t i v e  i n t e g e r  i n d i c a t i n g  the  type of r e l a t i o n s h i p  
whenever t h e  corresponding e n t r y  i n  A has  a va lue  of  1. A 
weighted adjacency mat r ix  corresponding t o  t h e  d igraph  G i s  an 
n By n ma t r ix  W such t h a t  f o r  a l l  i and j ( i , j  = 1 , 2  . . . n) 
W(i,j) = k i f f (V i ,  Vj) i s  a n  edge of t ype  k i n  E ,  i . e .  (Vi, Vj) 
i s  a r e l a t i o n  of type  k ;  
.- . = . 0 otherwise  
LEGEND : 
0 Test module node 
Data n o d e  
0 Diagnosis node 
n 
-Edge of p r e c e d e n c e  t y p e  n 
Figure 5.1 Digraph for N O P A L  S p e c i f i c a t i o r r  MIXIRADIOSET 
The weighted adjacency mat r ix  f o r  a  NOPAL s p e c i f i c a t i o n  
i s  used e x t e n s i v e l y  i n  t h e  phases of  a n a l y s i s  and sequencing.  
* 
The m a t r i x  corresponding t o  t h e  MINIRADIOSET example o f  F igure  4 . 7  
(hence the  d igraph  of Figure  5.1) i s  shown i n  Figure  5 . 2 .  The 
node numbers t o  t h e  l e f t  of t h e  node names a r e  a s s igned  by t h e  
Processor .  Any e n t r y  ( i , j )  i n  t h e  mat r ix  i s  e i t h e r  0, i n d i c a t i n g  
t h a t  no r e l a t i o n s h i p  e x i s t s  between node i ( a t  5 th  row) and 
node j ( a t  j-th column), o r  an i n t e g e r  corresponding t o  t h e  type 
of precedence r e l a t i o n s h i p s  between node i and node j .  These type  
numbers 'correspond t o  t h e  precedence types  l i s t e d  i n  Table 5 . 1 .  
The precedence types  and r e l a t i o n s h i p s  which a r e , u s e d  from the  
sample s p e c i f i c a t i o n  MINIRADIOSET a r e  enumerated i n  Table 5.2.  l, 
A l l  t he  g loba l  precedence informat ion i s  conveyed by a  
. . 
weighted adjacency m a t r i x  f o r  t h e  whole NDPAL s p e c i f i c a t i o n .  A l l  * 
t he  l o c a l  precedence informat ion i n  each t e s t  module is  a l s o  
r ep re sen ted  by a weighted adjacency mat r ix .  Such precedeace 
in format ion  i s  en t e red  i n t o  t h e  ma t r i ce s  and analyzed i n  subsequent  
s e c t i o n s .  b 
_-________-".-- ----'---- 
- -  - 
_ __^__I_- - -_  _ * - I  - -IX 
- ----- 
-T As i l l u s t r a t e d  i n  Figure  &k, t h e r e  a r e  two major subphases 
of a n a l y s i s  and sequencing:  i n t r a - t e s t - n o d u l e .  and 
b'wfi test-module.  The f i r s t  subphase d e a l s  wi th  on ly  t h e  waveform con- 
j u n c t i o n s ,  a s s e r t i o n s ,  and diagnoses  of  a  given t e s t  modnle. .. 
s . The second s'ubphase d e a l s  
wi th  t h e  whole c o l l e c t i o n  of  t e s t  modules i n  a  g iven  NOPAL s p e c i f i -  
c a t i o n ,  cons ide r ing  each t e s t  module a s  an i n t e g r a l  u n i t .  y+ic ?use 
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i 
nd 
A weighted d igraph  of t h e  NOPAL s p e c i f i c a t i o n  a s  r e p r e s e n t e d  
by a  weighted adjacency mat r ix  i s  used by t h e  NOPAL Processor  t o  
sequence ope ra t ions  and t o  d e t e c t  e r r o r s  i n  t h e  s p e c i f i c a t i o n .  
Before and dur ing  t h e  process  of  ga the r ing  and e n t e r i n g  precedence 
r e l a t i o n s h i p s  i n  t he  weighted adjacency ma t r ix ,  some l o g i c  e r r o r s  
i n  t h e  s p e c i f i c a t i o n  may be d e t e c t e d .  A s  t h e s e  c o n d i t i o n s  a r e  
found, t hey  a r e  p r i n t e d  e i t h e r  a s  warning o r  e r r o r  messages. 
Fu r the r  e r r o r  a n a l y s i s  occurs  a f t e r  t h e  m a t r i x , h a s  .been c o n s t r u c t e d .  
I n  a d d i t i o n  t o  t h e  above messages, a  number of  e r r o r  and 
warning messages can be i s sued  dur ing  s u b s c r i p t  a n a l y s i s .  Even 
though the  u s e r  may submit a  t e s t  s p e c i f i c a t i o n  which i s  c o r r e c t  
accord ing  t o  the  EBNF syntax of t h e  language,  t h e  semant ics  a s s o -  
c i a t e d  wi th  subsc r ip t ed  v a r i a b l e s ,  t e s t  p o i n t s ,  and some reserved  
e v a l u a t i o n  func t ions  may i n d i c a t e  erroneous usage.  The e r r o r s  
and warning emenating from such c a s e s  a r e  d e t e c t e d  du r ing  t h e  
p roces s ing  o f  t h e  s u b s c r i p t s  i n  t h e  i n t r a - t e s t - m o d u l e  a n a l y s i s  
phase.  T* 
- 
Table 5.5 summarizes t h e  s t e p s  involved i n  t h e  c r e a t i o n  and 
a n a l y s i s  o f  t h e  weighted adjacency mat r ix  r e p r e s e n t a t i o n  of a  
d igraph  and i n  the  de te rmina t ion  of  sequence,  commonly a p p l i -  
FUNCTIONS 
LIBRARY 
STATEMENTS. 
4 
I - -  ---- 
PRECEDENCE ~ I N T E R - T E S T  a INTRA-TEST 
MATRIX PRECEDENCE I PRECEDENCE , PRECEDENCE MATRIX ERRORS / MATRIX 'XATRIX 
WARNINGS+ CREATION I CREATION j ERRORS /WARNINGS 
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w 
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T E S T  PROGRAM: 
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ERRORS 4 
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E L I M I I J A T I O N  
' * 
w & 
cn 0 
4 .ELI 
. 
> U I 
' 
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+ 
\.&,, . ERRORS 
J 
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I - .  I 0. 3 
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I N T E R - T E S T  INTRA-TEST 
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- T.4BL.E DETER- w DETER- I & I T E R A T I O N  TABLE X I N A T I O N  . MINATION . . 
+-  :L- INTRA-TEST -2  b 
INTER-TEST,  
. 
CODE GENERATION 
H 
H 
CODE REPORT 
GENERATION 
P1 . 
cn 
4. i 
36 
. P I  * I 
I I-'------ 
v V 
ATE 
PROCEDURES 
AND MAIN 
P R O C E D U R E S  
cable to both the internal and external analysis and sequencing 
8 
of test modules. Detailed sub-phases in intra-test-module nnd 
inter-test-module analysis and sequencing are presented in 
Section 5.2 and 5.3, respectively. 
5-13 
TAELE 5 . 3  
ERROR/WARNING MESSAGES (XREF/ANALYSIS)  
R e f #  M e s s a g e  I s s u e d  b y  B r i e f  e x p l a n a -  
t i o n / E x a m p l e  
1 ERROR ( i n c o m p l e t e n e s s ) :  
V a r i a b l e .  X i s  u s e d  EXTSEQ 
as  SOURCE i n  ...; 
but i t s  t a r g e t  de-  
f i n i t i o n  n e v e r  
g i v e n  e l s e w h e r e .  
2 W A R N I N G  ( p o s s i b l e  EXTS EQ 
. i n c o m p l e t e n e s s )  : I D a t a  
V a r i a b l e  X i s  de-  \ i f i n e d  as TARGET 
i n  . . .; b u t  n e v e r  \ 
u s e d  e l s e w h e r e  \ 
-3 ,WARNING ( p o s s i b l e  
a m b i g u i t y . )  : . INTSEQ 
V a r i a b l e  X i s  de-  & 
f i n e d  as TARGET EXT S.EQ 
more  t h a n  o n c e  i n  
. . . ; t h e y  m u s t  b e  
u n d e r  m u t u a l l y  
e x c l u s i v e  c o n d i t i o n .  
4 ERROR ( a m b i g u i t y )  :. INTSEQ Two - o r  more 
I n  a s s e r t i o n  x  o f  t e s t  TARGET v a r i a b l e s  
y ,  t h e r e  a r e  two o r  
m o r e  TARGET 
.in a n  a s s e r t i o n  
. . 
v a r i a b l e s  : . . . 
5 ERROR ( i n c o n s i s t e n c y ) :  CYCLES 
The f o l l o w i n g  i t e m s  
a re  c i r c u l a r l y  re- 
l a t e d  w i t h  p r o c e -  
d e n c e  p r i o r i t y  1: 
a,@, r ,  .... 
TABLE 5 .3  
ERROR/WAXNING MESSAGES(XREF/ANALYSIS)(CONTINUED) 
Ref # M e s s a g e  I s s u e d  b y :  B r i e f  e x p l a n a -  
t i o n / E x a m p l e  
6 ERROR ( a m b i g u i t y )  : INTSEQ W P X + l  
TARGET v a r i a b l e  x TARGET: X; 
i n  a s s e r t i o n  y  o f  - o r  
t e s t  z i s  not t h e  X - l P W  
o n l y  e x p r e s s i o n  a t  .TARGET: X; 
t h e  l e f t - h a n d  s i d e  
of t h e  e q u a l  s i g n  
('',I1 ) 
7 WARNING ( I n c o n s i s t e n c y )  : INTSEQ 
I n  a s s e r t i o n  x o f  t e s t  V > W + 3  
y,  a v a r i a b l e  i s  de -  TARGET: V; 
c l a r e d  as t a r g e t ,  
b u t  t h e  r e l a t i o n  
o p e r a t o r  i s  n o t  an  
e q u a l  s i g n  (''e"). . . 
R e p l a c e d  b y  a n  - e q u a l  
sign. 
8 WARNING ( p o s s i b l e  
i n c o m p l e t e n e s s )  : 
T e s t  m o d u l e  X d o e s  
n o t  h a v e  a n y  
d i a g n o s i s  
9 WARNING ( p o s s i b l e  
i n c o n s i s t e n c y )  : 
B o t h  i n t e r a c t i v e -  
n e s s  a n d  c o m p o n e n t  
p r o t e c t i o n  r e l a t i o n -  
s h i p s  e x i s t  b e t w e e n  
d i a g n o s i s  d  a n d  t e s t  
m o d u l e  t ;  o n l y  t h e  
i n t e r a c t i v e n e s s  
r e l a t i o n s h i p  i s  
r e t a i n e d  
. . 
EXTSEQ 
EXTSEQ 
1 0  ERROR ( a m b i g u i t y )  : EXTSEQ 
Two logical o p e r a t o r s  
x , y  c o n n e c t  t e s t  
m o d u l e  t w i t h  d i a g n o s i s  
d .  
A t e s t  has  
n u l l  l o g i c -  
d i a g .  l i s t  
TABLE 5.3 
R e f #  Message I s s u e d  by : B r i e f  e x p l a n a -  
t i o n / E x a m p l e  
WARNING ( p o s s i b l e  
a m b i g u i t y )  : 
X is  d e f i n e d / u s e d  
as  a l o c a l  v a r i -  
a b l e  i n  t e s t s . . . ;  
and a l s o  i n  
d i a g n o s e s  . . . 
WARNING ( a p p a r e n t  
i n c o n s  i s  t e n c y )  : 
I n  s t m n t  xxxx, X 
m u l t i p l y  d e f i n e d .  
The s t m n t  d e l e t e d .  
WARNING ( p o s s i b l e  
- i n c o m p l e t e n e s s ) . :  
I n  S m t  xxxx, 
D i a g n o s i s X  . 
. neve r  . r e f  e r e n e e d .  
XRE F 1 L o c a l  v z r i a b l e  X 
u s e d  i n  two 
d i a g n o s e s  of  two 
d i f f e r e n t  t e s t s .  
XREFI M u l t i p l e  s t a t e -  
ment  d e f i n i t i o n  
e . g .  TEST X ;  
. * 
T ~ S T  X; 
XREFl D i a g n o s i s  X was 
d e f i n e d ,  b u t  n e v e r -  
u s e d .  . '  
1 4  ERROR ( i n c o n -  . XREF1 C i r c u l a r  s t i m u l i  
s i s t e n c y )  : c o n j u n c t i o n  b a c k  
I n  s t m n t  a , b , c ,  ... r e f e r e n c e s .  
c o n j u n c t i o n  b a c k  
r e f e r e n c e s  form 
a l o o p .  
1 5  ERROR ( i n c o n -  
s i s t e n c y )  : 
Two o r  more 
tests: . .  . . come 
a f t e r  t h e  d i a g n o s i s  
d v i a  l o g i c a l  
o p e r a t o r  a f t e r  
('A') 
o r  a f t e r - n o t  
( 'A -  f ,  
EXTSEQ 
' 16 W A R N I N G  ( c i r c u -  CYCLES 
lar d e f i n i t i o n )  : 
The f o l l o w i n g  groups  
of i t e ' m s  a , B , y  ... 
were  c i r c u l a r l y  d e -  
f i n e d .  The cyc  l e  
was e l i m i n a t e d  by 
d e l e t i n g  i t e m  n  
f rom t h e  we igh ted  
a d j a c e n c y  m a t r i x .  
ERROR(INCoSISFf;.uT) : ' 
In te s t  t, the ntmber of dimensions for variable X is inconsistently defined, 
When Issued/Exmnoles : 
Y = A(3,5] ; 
A(11 = X(f1 lmGET: A(1) ; 
The f i r s t  statement uses 'A8 as a two-dimensional array while the second 
'statement uses 'A1 as a one dimensional array. 
Issued by routine: SUBANAL 
I Message: 
I *  
I -. . . . . 'Dimension X of variable Y is not declared. in test 2, bound undecided, --- 
. . 
. . . . 1 .Ifhen Issued E x a i l e s  : . . 
. *. .. 
-.. . $7 . . . ' .  ..' 
P I = SUBS( 'A:l.' ,101 ' TARGET: I ;  
., K = SUBS(1A:38,5) T A m :  K; 
I A(I ,&I() =O . . TARGET: A(I,J,K) ; 
If the second dimension of 'Af has neverrbeen declared but i s  
used (egg. in the form of A(I ,J,K)] , then this message is +sued. 
,Issued by mobtine: SUBANAL.' I 
I 
. # (33 I 
I 
E3essage :' I 
. .  I 
. 
ERROR(Ambiguous) : In statement number N -- - I 
Subscript declaration is not a simple assertion. I 
I 
I < = SUBS ('A1,.S); 
I TABLE 5 . 4 :  . ( c o n t i n u e d )  
I *- 
I The f i r s t  statement asserts that 'SUBS' is an a r i t b d  function that I. 
I - 
I icturns a value. The second statement is not an explicit-relational-type 
I assertion. 
I 
1 .  . Issued by routine: PARSE - SUB 
I .  
I '  0 (4) 
I Message: 
1 .  
I - ERROR(Ambiguous) : In Statement Number N --- 
I .-. 
I Excessive blank appears in the parent list. 
I - .  
1 . .  When Tssued/Exampl es : .. . . 
I '  
I r = SUBS('*A B' , 10) . TAR&: I; 
Issued by routine: PARSE - SUB 
. . 
. . .  1 .  # (51 1 
I 
s 
, 
. . I: Message:. - . . . . .  
I . . 1 ' ERRO~(1ncomplete): In ~ t a t e m e n t ' h ~ e r  N --- ' L . -.- . 
. . 
-.. ~. 
. . 
. . 
fhe parent list of subscript deda'ratidn is. missing o r  not enclosid in 
1 
quotes. ' 
- .  . . .  . . 
. .. . 
. . .  . 
When Issued/Examples : . . 
. . 
. . 
. . 
. . 
I - SUBS(A,B,lO) TARGET: I; 
I = SUBS(10) TARGET: I; . . I 
. . The first statement is missing quotes amrnd the' parent list. 'Ilie second I 
I 
- statement is missing the parent list. I 
I 
Issued by routine: PARSE SUB 
- I 
'. # (6)  I 
I 
Message: . I 
7 
I 
Improper use of c o r n  in the parent list. 
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TABLE 5 . 4  (c  on t i n u e d )  
TARGET: I; 
TARGET: J; 
I Issued by routine: PAPSE SUB 
- 
I .. 
ERROR (Incomplete) : In statement number N ... 
I - 
. *-. 
I Null parent list is used. 
When Issued/Exainples: 
I .  
I I = SUBS ('',lo) - . TARGET: I; 
I C Issued by routine: PARSE - SUB 
I 
-.... 
-. 
 ambiguous) : In statement number N ... , 
t The dimension number is not a positive integer. 
When Issued/Exmples 
I = SUBS('A: 5Ht ,lo) T~GE?T: I; 
J m SUBS('A:N1 ,S) TARGET: .J; 
Issued by routine: PARSE - SUB 
Message : - 
~ ~ ( A m b i g u o u s )  : In statement number N . . . 
Improper use of colon. 
~ssucd by routine: P~RSE -SUB. 
TARGET: I; 
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TABLE 5 . 4  (c o n t i n u e d )  
ERRDR(1nconsistent) : In statenent number N . . . 
The. upper bound is not a positive integer or *. 
When Issued/Euanples 
b 
J = SUBS ( 'A1, -4) TARGET: J; 
Issued by routine: PARSE - SUB 
. . -  
Message : 
. . 
GRROR(1nconsistent) : In statement number N . . . 
variable X is not used as a subscripted' variable in the test .  # 
. I - SiBS('At ,101 TARGET: I.; 
First statement declares A as a subscripted variable .' 
' as a scalar i n  the t e s t  as. the second assertion indicates. 
Issued by routine : PARSE - S?JB 
t (121 
Message: . 
1 
However, A is used 
. . 
. ERRCIR(1nconsistent) : In 'statement number N . . . 
I 
Dimension X of variable Y is multiply defined. 
When Issued/Exam~le s : . 
I = SUBS(1A:2t; 10) TARL;ET: I; 
. . J ,= SUBS('B,A: 2' ,5) TARGET: J; 
Issued by routine: PARSE - SUB 
I 
.$-20 
1 .  
I TABLE 5 .  4 (c  ontinued) 
I * 
I t (13) 
Message: 
WiNG(Ambiguous) : In statement n d e r  N , , . 
I Parent name X has never appeared i n  the t e s t  module. 
I 
1 ' When I ssued/Examples : 
When A is declared as a subscripted variable but is never referenced in  
the test  module. . . .* 
Issued ,by routine : PARSE - SUB 
a (14) 
Message : 
ERRDR(1ncomplete) : fn statement number N . . . 
-script declaration is not correct,. check use. 
I = SUBS('A1) TARGET: I; I 
When the subscript is improperly declared in addition to the previous 1 
l 
cases (i.e. messages 3 to  13), this message is issued. In the example, 1 
the declaration is incomplete because the bound f ie ld  is missing. I I 
Issued by routine : PARSE - SUB 
# (15) 
Message: 
ERROR(hbiguous) : i n  statement ntnnber - - - . 
Variable X is multiply declared as free subscript, 
. When Issued/Examples : - 
When a variable is declared more than once within the same t e s t  module, 
4 
t then we issue the above message. 
e.g. 
e 
I = SUBS(lA:18, 10) TARGET: I;  
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TABLE 5 .  4 ( c  o n t i n u e d )  
I=SUBS('A:2',  5 )  
Issued by routine: - PARSE - SUB 
TARGET: I; 
# (161 
Message: 
ERROR(1nconsistent) : in statement number N . . . 
The free subscript X in source variable does not appear as free 
subscript in t=rget variables. 
l e n  Xssued/Examples : 
. . 
A = B(1) TARGET: A SOURCE: B(1) , I; 
then I.is declared as a free subscript, the above assertion will 
repeat many times. Then an error occurs since A is multiply assigned a value. 
Issued by routine: SUBUSAG. 
Message : q 
ERROR(1nconsis tent) : in s tathent &er N . . . 
. . , 
Subscript in variable X does not follow the correct syntax. 
I The assertion uses a non-inteper 3.5' as subscript. Thus the above 
error message is issued. 
Issued by routine : SUBUSAG 
Message : 
WARNING(Possible inconsistent) : in statement nmber N --- 
I-th subscript of variable X is a subscripted variable or a non-free 
subscript; range test is not performed. 
5 - 2 2  
TABLE 5 . 4  ( c  o n t i n u e d )  
When Issued/Exanples : 
-- 
A(?) = B (C( I) 1 TARGET: A(1) SOG'RCE: B(C(I)) ,  C(I), I; 
A!?) * B(X) SOUR(=E: A(I), B(X], I ,  x; 
m s e  B is declared as a vector of size 10. Since we do not 
kgw the value of C(1) and X unti l  run time, range test m o t  be performed 
gssued by routine: SUBUSAG. 
-----.---- 
JjRROR(1nconsistent) : i n  statement number N --- 
miable  X is not found in the variable table or  dimension-I is 
. . - When . Issued/Exampl,es : . .  . 
----.- _ _ . 
. . 
. . 
. .' 
-J .-$age i s  isssued when a variable is not declared as being 
,. m b ~ ~ i p t e d  (amugh subscript declaration-statement) and is used. For 
@&yp2e, if A i s  pot declared as a vector, then 
- a M F ) ? 0 SOURCE: A(5) 
Cwes an e m r t  
J s n e d  by mutine: SWUSAG. 
-- -- - 
. 
# (@I 
Message : 
- .  
J$ROR(Inconsis tent) : i n  statement nlrmber N --- 
The subscript bound of variable X for  dimension-I was declared to 
be M, but N is used here. 
When Issued/Euamples : 
--- - -  . ~ 
hh6n #e. eatua! subscript used is greater than the upper bound declared, 
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TABLE 5 . 4  ( c  o n t i n u e d )  
I = SUBS( 'A:lf  , 5) TARGET: I; 
Issued by routine : SUBUSAG 
Message: 
ERROR(Ambiguous) : in statement number N . . . . 
Reduction function is not used in a simple explicit assertion, 
When Issued/Examples 
IF VAR > 60 THEN Y 7 SUM(A(I),I) ELSE Y=SLB!(B('I),I) TARGET: Y; 
me first statement is not an - e p l i c i t  relation assertion. The second . . 
.. . 
statement .is a cor.ditional assertion. 
. 
Issued by routine: REI]USAGI 
Message : 
ERROR(Ambiguous) : in statement number N . . , 
Instead of 2 ,  P arguments are used in the reduction function. 
When Issued/Examples : 
x = sutrr(~(1 j , B (I), I) . . TARGET: x; 
Y = sw.rcc(r ,a) TARGET: Y; 
The reduction function (e . g . -SWl) should always have two arguments. 
The first statement has three arguments while the second s.tatcmcnt has. one. 
Issued by routine: REDUSAG 
... ERROR(l\mbiguous) : in statement riumber N . . . 
l%c sccond a r p c n t  X of the reduction function i s  not declnrcd as a - . 
f r k  subscript. 
.L 9 
5 - 2 4  
. TABLE 5 . 4  (c mtinued) 
- 
When Tssued/Exm~les :
lssued by routine: REDUSAG 
(241 
Message : . . 
mR(Ambiguous) : in statement ntrmber N . . . 
Ihe first argrrrnent X of the reduction fimctioll i s  not a subscripted variable. 
. When Issued/ExanpIcs: 
X = SUI(A,I) i TARGET: X; 
. Y - SUhl((SUl(1, J) ,J) \I) TARGET: Y; 
First statement has ;A' a simple variable,  as the first argument of a 
" .  reduction $unction. Second statement uses a frmctim as. k e  first argument. 
Issued by routine:. REWSAG 
?-less age: 
. & 
 ambiguous) : in statement number N , , . . 
% I-th subscri~t  X of variable Y is not a simple var.iable or constant. ' 
When Issued~xamples :
- 
4 
X SUf-l(A(C(I3, I) TARGET: X; 
Y f Sf [A( I ,  J+2) ,I) TARGET: Y; 
. . 
Ihe first statement uses C(1) as sub&ript while tho second *statement 
uses J+2 as subscript. . . 
= Issued by routine: REDUSAG 
. 
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TABLE 5.4 (continued) 
"261 
Message: , 
ERROR(Rmbiguous) : i n  statement number N . . . 
More than one dimension may be reduced in a reduction function. 
When Issued/Euanples : 
. X=SLM(A(I,J,~) ,I) mm: I; 
'1' is the first and third subscripts of variable 'A1 ; we & not know which 
dimension is to  be reduced. . . 
Issued by routine: REDUSAG 
# (271 
Message : 
ERW)R(Ambiguous) : h statement number N . . . , 
The subscr$pt being reduced X is not found in t ? e  f i i s t .  argument y. I 
When Issued/Exmples : . . : . t..... ., . . 
. . 
X=SU4(A(I) ,J) 'TARGET: X; 7 
. . This. message is. issued when the secor~d argument does not appear in the b 
subscript list of first ar,pnent; we do pot know which dimension is to be 
reduced. . . 
Issued by routine: REDLISAG 
? (28) 
Message : 
ERROR(1nconsis tent) : in statement number N . . . 
The dimensionality of LHS is not one less than that of RI-IS. 
Y = SUI\I(A(I,J) ,I) TARGET: Y; 
Issued by rou1:inc : REDSAG. 
TABLE 5.4 (continued) 
Message : 
ERROR(Ambigu0us) : in statement number N . . . 
The LHS X of a reduction function is not a subscripted variable o r  scalar. 
When Issued/Examples : 
SIN(X) = SUM(A(1) ,I) 
When LHS of an assertion is not a (subscripted) variable, th is  message 
is issued. 
Issued by routine: REDUSAG. 
Message : 
 inconsistent) : i n  statement n h e r  N . . . 
. . 
Subscript X in left-hand side of a reduction function does not appear 
* in right-hand side. 
When I ssued/Exampl es : 
A(1) = SWI(B (I , J) , I) TARGET : A(1) ; a 
Subscript I is reduced ancl should disappear from subscript list of LHS. 
Instead, ACJ) should have been the target variable. 
Issued by routine: REDUSAG 
#(31) 
Message : 
ERROR(Ambigu0us) : In statement number N . . . 
Reduction function is improperly used. 
When Issued/Examples: 
When the usage of a reduction function is incorrect in  addition to 
the reasons cited before (messages '21 t o  30), this  general message is issued. 
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TABLE 5.4 (continued) 
X = SUM(A(1) ,I) +5 TARGET: X; 
Y = 2*SUM(A(I) *I) TARGET: Y; 
Both of the above examples include an arithmetic operator in RHS of the 
assertion. 
Issued by routine: REDUSAG. 
#(32)' 
Message : 
ERROR(1ncomplete) : in test 1C 
Not all nodes are rankable, return from PRECED. 
When some nodes are not rankable due to circular definition or incorrect 
. . 
. . 
. . 
usage of subscripts, this message is. output. 
Issued by routine: SCHEDLER 
#(33) 
Message : 
ERROR(1nconsistent) : 
'Global variable V is used as an array, but with different n h e r  of 
dimensions. Initially used with DIM# (i) number of dimensions. 
When Issued/Examples : 
A(1, J) < 5 SOURCE: A(1,J); 
A(1) = VAR TARGET: A(1) ; 
Global variable A is used as both 2-dimensional and 1-dimensional array: 
then this message is issued. 
Issued by routine: EXTSEQ 
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TABLE 5.4 (continued) 
Message : 
ERROR(1nconsistent) : 
Global variable V is used as an array and scalar, it cannot be both. 
When Issued/ExampIes : 
A s 5  TARGET: A; 
Global variable A i s  used as both a scalar and an array. Then this 
message is issued. 
Issued by routine : EXTSEQ 
TABLE 5.5 SUEb14RY OF STEPS I N  DIGRAPH CREATION AND ANALYSIS, 
AM) SEQUENCE DEl"ERbI1NATION 
SITEP NAME 
1 Create Weighted 
Adjacency Matrix W 
2 Enter Precedence 
Relationships (by 
type numbers) into 
matrix W 
3 Perfoqn Graph Analysis 
SlJM4R.Y OF TASKS 
. Determine total number 
' (n) of nodes in digraph; 
assign node number to 
each entry; create an n by n 
matrix W (initialized to 
zeros) 
Search every precedence 
relationship between a , 
predecessor and successor 
and enter its type to  W. 
Create (unweighted) adj a- 
cency matrix A from W; 
analyze W'and/or A to  en- . 
. sure that no ermr conditions 
exist (except possible 
. . . cycles) . . 
4 . Subscript Analysis 
5. Cycle Detection and 
Elimination 
6 Sequence Determination 
Check the syntax and semantics 
of the usage of subscripted 
variables. 
Create path matrix from A; 
search for possible cycles; 
delete the cycles i f  possible; 
otherwise report as error to 
user. 
Rank the nodes of the digraph 
according to precedence, and 
then reorder the nodes by their 
rank. 
L & x a  -Tes t-Module Analysis and Sequencing 
5.2.1 Overview of Intra-Test-Module Analysis 
This sec t ion  provides i n  g r e a t e r  d e t a i l  t h e  subphases of 
in ter - tes t -module  a n a l y s i s .  These subphases a s  shown i n  Figure 5 . 4  
include the  graph c r e a t i o n ,  a n a l y s i s ,  subsc r ip t  processing,  and 
sequencing. The o v e r a l l  program which performs in t ra - t e s t -module  
a n a l y s i s  and sequencing i s  named 1NTSEQ.- . INTSEQ genera tes ,  a s  
output ,  a v e c t o r ,  ORDER., of nodes ordered i n  t h e i r  execution 
sequence and an i t e r a t i o n  t a b l e ,  DOTAB , which i d e n t i f i e s  t h e  
i t e r a t i o n  v a r i a b l e s  and i t e r a t i o n  scopes. INTSEQ a l s o  generates  
f 
messages i f  e r r o r s  a re  de tec ted  i n  each subphase. The e r r o r  and 
warning message.s issued b y ,  the  f i r s t  four  l i n e s  of Figure 5 .4  
. . . 
a r e  r e f e r r e d  t o  by t h e  reference  numbers given i n    able 5'.3, while  
.L t he  messages issued by s u b s c r i p t  a n a l y s i s ,  s u b s c r i p t  propagat ion,  
and sequencing a r e  l i s t e d  i n  Table 5 . 4 .  . 
Sect ion 5 . 2 . 2  discusses  t h e  c r e a t i o n  of t h e  graph ( i n  adjacency 
L 
matrix form) and t h e  en te r ing  of precedence r e l a t i o n s h i p s .  Sec t ion  
5 . 2 . 3  dea l s  with preliminary ana lys i s  of t h e  graph. Sect ion 5 . 2 . 4  
discusses  t h e  sub jec t s  of cyc le  d e t e c t i o n ,  enumeration, and e l i m i n a t i o n .  
The processing of s u b s c r i p t  s ta tements  i s  descr ibed i n  d e t a i l  i n  
Sect ion 5 . 2 . 5 .  Sect ion 5 . 2 . 6  presents  the  method of s u b s c r i p t  
propagation, and s e c t i o n  5 . 2 . 7  discusses  the r a t i o n a l e  and methodology 
of determining execution sequence. ~n example of a ,  f lowchart  r e p o r t  
. - 
as well  a s  a b r i e f  explanat ion .of  the  r epor t  a r e  provided i n  s e c t i o n  
5.2.8. 
Note t h a t  each subphase i n  INTSEQ must be repeated once f o r  
each t e s t  module i n  t h e  whole NOPAL t e s t  s p e c i f i c a t i o n .  
Since the current implementation allows only one test 
per modfun in a MODULE, sequencing this test implies sequencing the 
modfun. 
1 
1 CREATE ADJACENCY MATRIX 1 i 
J CYCLE DETECTION 
# 
I 
1 S U B S C R I P T  PROPOGATION 1 
t 1 SEQUENCING. . . . . 
. . 
FIGURE 5.4 FLOWCHART OF INTR-TEST MODULE ANALYSIS 
AND SEQUENCTNG 
FIGURE 5.3 FLOWCHART OF SUBSCRIPT ANALYSIS PROGRAM- SUBANAL 
KEYWORD SUBSCRIPT APPE A REDUCTION NAME IS LOCATED 
OTHERWISE 
f . 
PARSE SUB 
- . . 
SUBUSAG . , REDUSAG 
9 * ,  I 
r - 
A NEXT WAVEFORM - - 
4 . 4  EC - FLD - BIT(1) - ' 1 ' B  i f  t h e  v a r i a b l e  name 
s e r v e s  a s  a c o n t r o l / e v a l u a t i o n  f u n c t i o n .  
4 . 5  D - TYPE - CHAR(1) - t h e  a t t r i b u t e  of t h i s  v a r i a b l e .  
For example, '1' means i n t e g e r ,  ' C '  means 
c h a r a c t e r ,  and ' B t  means b i t  e t c .  
5.. NFOR - - -  B I N ,  t he  number o f  f r e e  s u b s c r i p t s  dec l a red  i n  
t h i s  t e s t  module. 
6.  FSUB(NF0R) - - -  .There  is  one e n t r y  f o r  each - f r e e  . 
s u b s c r i p t .  Each e n t r y  has t h e  fol lowing s u b f i e l d s .  
6.1 I X D I R  - B I N ,  d i r e c t o r y  l o c a t i o n  of t h e  s u b s c r i p t  
name. 
6 . 2  LFORECH -CHAR, t h e  name of  t h e  s u b s c r i p t - .  
. . 
'6:3 UPBOUND - BIN', upper bound .of t h e  s u b s c r i p t .  
7. DICT(n) - - -  A d i c t i o n a r y  e n t r y  f o r  each node i n  t h e  
ad j acen t  mat r ix .  I t  has  t h e  fo l lowing  s u b f i e l d s  : 
7.1 DNAME - B I N ,  t h e  d i r e c t o r y  e n t r y  of  t h i s  node. 
7 . 2  DTYPE - CHAR(1) . I t  i n d i c a t e s  t h e  type  of t h e  
node. For example, ' C t :  s t imulus  conunc t ion ;  ' A ' :  
s t imu lus  a s s e r t i o n ;  ' X ' :  measurement con junc t ion ;  
Y :  measurement a s s e r t i o n ;  ' D ' :  d i a g n o s i s ;  'L': 
l o c a l  v a r i a b l e ;  'G': g loba l  v a r i a b l e .  
7 . 3  DPTR - PTR, p o i n t s  t o  s t o r a g e  e n t r y  o f  con junc t ion  
o r  a s s e r t i o n  i f  DTYPE = 'C' o r  I A '  o r  ' X '  o r  'Y'; 
' po in t s  t o  s t o r a g e  e n t r y  of  d i agnos i s  i f  DTYPE = 'Dt. 
I t  p o i n t s  t o  ' D C L '  e n t r y  i f  DTYPE = 'L' o r  'G'. 
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7.4 DVAR - BIN, i f  the  node i s  a  v a r i a b l e ,  then 
DVAR i s  an index t o  LCL - VAR i f  DTYPE = ' L '  o r  
an index t o  GL - VAR i f  DTYPE = ' G t .  
A s  shown i n  Figure 5 . 7 ,  Algorithm SUBANAL i s  the  main 
r o u t i n e  of t h e  subsc r ip t  processing phase. Procedure CRDICT 
i s  imbedded i n  SUBANAL. SUBANAL f i r s t  c r e a t e s  d i c t i o n a r y  e n t r i e s  
f o r  a l l  s t i m u l i ,  measurements, diagnoses,  and v a r i a b l e s .  I f  a 
l o c a l  v a r i a b l e  i s  encountered f o r  the  f i r s t  t ime, t h e  procedure 
SUBANAL c r e a t e s  an e n t r y  i n  l o c a l  v a r i a b l e  l i s t ,  LCL - VAR. 
SUBANAL searches the  reserved funct ion  names 'SUBS' o r  I S U B S C R = P T '  
i n  each waveform and, i f  found, c a l l s  rou t ine  PARSE - SUB t o  parse  
t h e  subscr ip ted  d e c l a r a t i o n  s tatement .  SUBANAL a l s o  searches 
C f o r  reduct ion funct ion  names i n  a s s e r t i o n s .  I f  found, t h e  
rou t ine  REDUSAG is  c a l l e d  t o  check f o r  t h e  c o r r e c t  usage of a  
. .  . 
r e d u c t i o n  f u n c t i o n  a s s e r t i o n .  For each waveform in .  t h e  tes.r  , 
SUBANAL c a l l s . r o u t i n e  SUBUSAG t o  check f o r  t h e  c o n s i s t e n t  usage 
a 
of subscr ip ted  va r i ab les .  Algorithm 5.5 shows how SUBANAL is 
implemented. 
Routine PARSE - SUB checks t h e  syntax of a  s u b s c r i p t  d e c l a r a t i o n  
a s s e r t i o n .  Note t h a t  the  syntax of s u b s c r i p t  d e c l a r a t i o n  should 
fol low the following form: 
ITERVAR = SUE ( 'PARENT',  BOUND) TARGET: ITERVAR; 
7 .  
where ITERVAR i s  the  name 'of f r e e  subsc r ip t  being dec lared .  SUB I S  
t h e  keyword 'SUBS ' or SUBSCRIPT '. 
PARENT i s  a l i s t  of a r r a y  v a r i a b l e s  t h a t  use ITERVAR as s u b s c r i p t ,  
and BOUND i s  t h e  upper bound of  t h e  f r e e  s u b s c r i p t .  Program 
PARSE SUB i s  e n t e r e d  only  when keyword 'SUBS1 
- 
S U B S C R I P T  i s  d e t e c t e d .  The i n p u t  t o  t h i s  r o u t i n e  i s  a p o i n t e r  ST0 PTR 
- 
ALGORITHM 5 .5  SUBSCRIPT ANALYSIS-SUBANAL 
I 
FUNCTION: Crea te  d i c t i o n a r y  e n t r i e s  and analyze s u b s c r i p t  usage.  L 
CALLS : PARSE - SUB, SUBUSAG , REDUSAG . 
CALLED BY: INTSEQ. 
S t ep  1. Al loca t e  LOC TEMP and I n i t i a l i z e  i t s  s u b f i e l d s .  
- 
Step  2 .  For each s t imulus  waveform, f i l l  DICT and STIM PTR 
- 
l i s ts .  
S t ep  3 .  For each measurement waveform, fill DICT and 
MEAS PTR l i s t s .  
- 
Step  4 .  For each d i a g n o s i s ,  f i l l  DICT and D PTR l i s t s .  
- 
S t e p  5: F i l l  DICT e n t r i e s  f o r  a l l  v a r i a b l e s  (bo th  l o c a l :  I 
and g l o b a l ) .  \ i 
Step  6.  I f  t h e  v a r i a b l e  i s  dec l a red  ' g l o b a l 1  then  l i n k  t'he 
v a r i a b l e  index. i n  GL VAR t o  DICT. .Goto S t ep  11. 
. - 
. . 
S t e p  7.  Now we a r e  d e a l i n g  w i t h  a  l o c a l  v a r i a b l e .  
If t h i s  v a r i a b l e  a l r eady  has  a  e n t r y  i n  LOC - TEMP, 
then go t o  S t ep  9.  
S t ep  8 .  Since t h i s  i s  t h e  f i r s t  time w e  encounte r  t h i s  
l o c a l  v a r i a b l e ,  we c r e a t e  an e n t r y  i n  LOC - TEMP 
f o r  t h i s  v a r i a b l e .  We a l s o  c r e a t e  SUBLIST f o r  
i t s  dimension bounds i f  i t  i s  an a r r a y  v a r i a b l e .  
Goto S tep  10.  
S t ep  9 .  Check whether t h e  number o f  dimensions i s  c o n s i s t e n t .  
. I f  s o ,  go t o  s t e p  1 0 .  
1.f n o t  c o n s i s t e n t ,  then ou tpu t  e r r o r  message #I  
and r e t u r n .  
. a  
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ALGORITHM 5 . 5  ( con t inued)  
S t ep  10.  Link t h e  v a r i a b l e  index  i n  LOC - TEMP t o  DICT. 
S t e p  11. For each waveform i n  s t i m u l i  and measurements,  
s e a r c h  keywords ' SUBS'or ' SUBSCRIPTSV o n  the 
r i g h t - h a n d  s i d e  o f  an a s s e r t i o n .  I f  found,  
t h e n  c a l l  .PARSE - SUB t o  p a r s e  t h e  s u b s c r i p t  
d e c l a r a t i o n  s t a t e m e n t .  
S t ep  1 2 .  Check whether  any dimension i n  a  s u b s c r i p t e d  
v a r i a b l e  i s  undef ined .  I f  s o ,  o u t p u t  e r r o r  
message # 2  and r e t u r n .  
S tbp  13.  For each waveform i n  t h e  t e s t ,  c a l l  SUBUSAG 
i 
\ t o  check t h e  c o n s i s t e n t  usage  o f  s u b s c r i p t e d  
v a r i a b l e s .  
S t ep  14.. For any f u n c t i o n  appeared ,  chec'k whether  it i s  
a r e d u c t i o n  f u n c t i o n .  I f '  y e s  (match through 
a r e d u c t i o n  f u n c t i o n  t a b l e ) ,  t h e n  c a l l  REDUSAG 
t o  check i t s  s y n t a x  and s eman t i c s .  
S t e p  15. Copy LOC - TEMP t o  LCL - VAR and e x i t .  
which po in t s  t o  storage en t r y  o f  the waveform rrnder considerat ion. Upon e x i t  
from PARSE - SUB, ST0 - PTR i s  unchanged. I f  the  dec lara t ion  does n o t  f o l l o w  the  
c o r r e c t  syntax, then an appropr iate e r r o r  message w i l l  be issued. Otherwise, 
t he  subsc r ip t  t a b l e  FSUB i s  updated. PARSE - SUB a l so  updates the  weighted 
adjacency ma t r i x  W t o  r e f l e c t  t h e  dependency o f  each o f  t he  PARENTs t o  ITERVAR 
and the  dependency o f  each diagnosis which depends on PARENTS t o  ITERVAR. 
Routine PARSE - SUB i s  shown i n  Algor i thm 5.6. 
Routine SUSUSAG checks the  usage o f  subscr ipted var iables.  This r o u t i n e  
performs the  f o l l o w i n g  tes ts :  
( T I )  A l l  t a r g e t .  var iab les  o f  a  waveform must have the same f r e e  subscr ipts .  
(T2) ' The f r e e  subscr ip ts  o f  source var iab les  ( e i t h e r  as subscr ip t  o r  as 
va r iab le )  must appear i n  t a r g e t  var iables.  
(T3) Subs.cripts a re  i d e n t i f i e d  t o  be i n  one. o f  the fol low4ng forms:' 
--- a  subsc r ip t  .term, e.g., I ' i n  A(1) o r  (I-k) where K i s  a  p o s i t i v e  
i nteger. 
- - - an in teger ,  e.g., 5  i n  A(I,5) 
--- a simple var iab le ,  e.g., x  i n  A(x) where x  i s  n o t  declared as a  
f r e e  subscr ipt .  
--- a  general i zed  expression. 
--- another subscr ipted var iable,  e.g., B(1) i n  A(B(1)). 
(T4)  V e r i f y  range i f  a  subsc r ip t  appears t o  be .a  subscr ip t  term o r  an in teger .  
SUBUSAG a lso  f i l l s  the i n t e r n a l  a t t r i b u t e s  S - OR - T and SCOPE i n  EXPRS f o r  a l l  
var iab les  i n  a  waveform. This in fo rmat ion  w i l l  be used l a t e r  i n  the  code generat ion 
phase. SUBUSAGE a l s o  changes the e n t r y  i n  the  weighted'adjacency ma t r i x  LI from 1  
t o  21 i f  the  e n t r y  corresponding t o  i t  has dependence on ( I -K)  subscr ipt .  
The name o f  the  nodes between which the  e n t r y  was changed, together  w i t h  the  
name o f  subsc r ip t  i s  a lso  entered i n  a  s t r u c t u r e  RECURCYC. This i s  used l a t e r  i n  
code generation. 
ALGORITHM 5.6 PARSE SUBSCRIPT DECLARATION ASSERTION' - PARSE - SUB 
FUNCTION: Checks the  syntax o f  a subsc r ip t  decl a r a t  ion  asser t ion.  
CALLS: None 
CALLED BY: SUBANAL 
Step 1. A l l oca te  l o c a l  var iab les  and i n i t i a l i z e  them 
Step 2. If the  waveform (po in ted  by ST0 - PTR) i s  n o t  a simple asser t ion,  
then issue message #3 and re tu rn .  
Step 3. Get the subsc r ip t  name i n  ITERVAR (LHS o f  the  statement).  I f  i t  
has been declared prev ious ly  .in the  same tes t ,  then output  message 
#15 and re tu rn .  
Step 4. Scan the  r ight-hand s ide  o f  t h e  waveform. Bypass keyword 
SUBS[CRIPT] and look f o r  parent  l i s t  wh.ich i s  encloded i n  quotes. 
I f  the quotes are  n o t  found., then issue message #5 and re turn .  ' .. 
Step 5. Check the  syntax o f  parent 1 fst.. Store parent  name and dimension. 
number i n  PARENTS and PARDIM respect ive ly .  Had any e r r o r  occurred, 
then an appropr iate message i s  se lected and issued from the  l i s t  
#4, #6, #7, #8, #1'3, o.r #14, and re turn .  Update the weighted 
adjacency ma t r i x  W. For each. PARENT, W(ITERVAR,PARENT) = 1. For ' 
each diagnosis, i f  W(PARENT,diagnosis) = 1 then W(ITERVAR,diagnosi s) 
Step 6. .Get the upper bound and s t o r e  i t  i n  UPBOUND o f  t he  newly created 
FSUB. If the  upper bound i s  n o t  a p o s i t i v e  in teger ,  then issue 
message #10 and re turn .  
Step 7.  For each parent  name P i n  the  PARENTS 1 i s t ,  . search through the  
d i c t i o n a r y  t o  i d e n t i f y  whether i t  i s  a l o c a l  o r  g lobal  var iab le .  Go 
t o  correspon.ding LCL - VAR o r  GL - VAR tab le .  
ALGORITHM 5.6 (con t inued)  
S t e p  8 .  If t h a t  v a r i a b l e  (P) i s  n o t  s u b s c r i p t e d ,  t hen  
i s s u e  message #11 and r e t u r n .  Get t o  SUBLIST 
i f  t h e  v a r i a b l e  i s  s u b s c r i p t e d .  
S t e p  9 .  If t h e  bound o f  t h e  s p e c i f i e d  dimension i s  n o t  
d e f i n e d ,  t hen  s e t  it t o  UPBOUND. Otherwise ,  it 
is  doubly  d e f i n e d  and message #12 is i s s u e d .  
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TOPX r e t u r n s  the  f r e e  s u b s c r i p t s  i n  source  and t a r g e t  v a r i a b l e s  
i n  the  l i s t s  SFS and TFS r e s p e c t i v e l y .  TOPX makes s u r e  t h a t  
a l l  t a r g e t  v a r i a b l e s  have t h e  same s u b s c r i p t s .  Otherwise ,  e r r o r  
message #16 i s  i s sued .  When TOPX i s  r e t u r n e d  t o  i t s  c a l l i n g  
r o u t i n e ,  SFS and TFS con ta ins  a l l  f r e e  s u b s c r i p t s  i n  source  
and t a r g e t  v a r i a b l e s .  Then t e s t  T2 ( i . e .  TFS should be  a  s u b s e t  
o f  SFS) i s  performed. . 
Routine REDUSAG checks t h e  syn tax  of a  r e d u c t i o n  f u n c t i o n  
when a  r educ t ion  f u n c t i o n  name i s  recognized i n  a  s t a t emen t .  
I t  t a k e s  an i n p u t  o.f type ' p o i n t e r '  which p o i n t s  t o  t h e  s t a t emen t  
(waveform) under c o n s i d e r a t i o n .  I t  g e n e r a t e s  p roper  e r ro r /warn ing  
messages a s  l i s t e d  i n  Table 5 . 4 .  I n  a d d i t i o n ,  REDUSAG produces 
a ma t r ix -  REDUCT' a s  its ou tpu t .  REDUCT i s  an N by NFOR b i t  m a t r i x .  
REDUCT(1, J) -. = '1 ' B  means t h a t  J - t h  s u b s c r i p t  i s  reduced a t  node I 
-- . 
where J i s  an index t o  s u b s c r i p t  t a b l e  FSUB and I i s  an index  
t o  d i c t i o n a r y  'DICTt. Algorithm 5 .7  d e p i c t s  t h e  REDUSAG r o u t i n e .  
5.2.6 Subsc r ip t  Propagation 
Program PROPAGT determines  t h e  r e l a t i o n  between nodes and 
s u b s c r i p t s  i n  o r d e r  t o  f i n d  t h e  proper  scopes  f o r  each p o s s i b l e  
i t e r a t i o n .  This  program w i l l  c o n s t r u c t  f o r  each node a  l i s t  of  
. t he  s u b s c r i p t s  on which it depends, and hence the l i s t  o f  i t e r a t i o n s  
i n  which i t  should p a r t i c i p a t e .  In  t h e  NOPAL language,  i t e r a t i o n s  
r e s u l t  from e x p l i c i t  appearance of  s u b s c r i p t e d  v a r i a b l e s  and 
s u b s c r i p t s  themselves.  
  he i n p u t s  t o  program .PROPAGT inc lude  the  adjacency ma t r ix  
A(n,n) , s u b s c r i p t  l i s t  FSUB(NF0R) , r educ t ion  t a b l e  REDUCT(N,NFOR) 
and d i c t i o n a r y  e n t r i e s  DICT(N) a s  desc r ibed  b e f o r e .  The main 
ou tpu t  i.s an a r r a y  c a l l e d  FORCHST(N,NFOR) . This  a r r a y  c o n t a i n s  
ALGORITHM 5 . 7  : CHECK REDUCTION FUNCTION- REDUSAG 
FUNCTION: Checks t h e  syn tax  of  usage of  r educ t ion  f u n c t i o n s .  
CALLS: FRES. 
CALLED BY: SUBANAL. 
S t e p  1. I n i t i a l i z a t i o n  and g e t  t he  waveform p o i n t e r  i n  TP. 
S t ep  2.  If t h e  waveform i s  n o t  a  s imple  a s s e r t i o n ,  then 
i s s u e  message # 2 1  and e x i t .  
S t ep  3 .  Let SP p o i n t  t o  r igh t -hand  s i d e  o f  a  r educ t ion  
func t ion .  Now SP should p o i n t  t o  a  r educ t ion  
func t ion  name. I f  n o t ,  message #30 i s  i s sued  
and e x i t .  
. 
S t e p  4 .  The r educ t ion  func t ion  should have two arguments. 
I f  not,.  a  message # 2 2  .is i s sued  and e x i t . .  
. . a 
Step  5. The s u b s c r i p t  to. be reduced i s  t h e  second argument 
of  a r educ t ion  func t ion  and i t s  .name i s  p u t  i n t o  rn 
Step  6 .  I f  V 2 N M  i s  no t  dec l a red  a s  a f r e e  s u b s c r i p t  
i n  t he  t e s t  modules, then i s s u e  message #23 and 
r e t u r n .  
S t e p  7 .  Get t o  t h e  f i r s t  argument o f  t h e  r e d u c t i o n  f u n c t i o n .  
If it is  n o t  a  s u b s c r i p t e d  v a r i a b l e ,  then i s s u e  
a message #24, and r e t u r n .  
S t ep  8. .For  each s u b s c r i p t  term SNAME of t h e  s u b s c r i p t e d  
v a r i a v l e ,  perform. s-teps 9 t o  11. 
S tep  9 .  I f  SNAME i s  no t  a  v a r i a b l e  o r  c o n s t a n t ,  then i s s u e  
message '#25 and e x i t .  
ALGORITHM 5.7 (cont inued)  
. Step  1 0 .  I f  SNAME matches VZNAME, then i n d i c a t e  t h e  
dimension number t o  be reduced and s e t  f l a g  
FOUND = ' l l B .  
Otherwise,  . t e s t  whether SNAm i s  a  f r e e  s u b s c r i p t .  
If yes ,  then  pu t  SNAME on to  a  l i s t  SUBPAT and 
increment t h e  l eng th  L of  t h i s  l i s t .  
S tep  11. For nex t  s u b s c r i p t  t e r m ,  goto s t e p  8.  
S t ep  1 2 .  FOUND = '0' means t h a t  t h e  s u b s c r i p t  t o  be 
reduced does no t  appear a s  a  s u b s c r i p t  term, 
message # 2 7  i s  ou tpu t  and e x i t  i s  made. 
S t ep  13 .  So f a r ,  t h e  syn tax  o f  r i g h t - h a n d - s i d e  of t h e  
a s s e r t i o n  i s  c o r r e c t .  The f r e e  s u b s c r i p t  t o  
. . 
be reduced is  named V2NAME. A l l  o . t h e r  f r e e  
s u b s c r i p t s  a r e  kep t  i n  l i s t  SUBPAT. whose s i z e  
i s  L .  Now we g e t  t o  l e f t - h a n d - s i d e  of  t h e  a s s e r t i o n .  
S t ep  14. ~ n i t i a l i z e  M t o  0 where M i s  t h e  number o f  f r e e  
s u b s c r i p t s  i n  l e f t - h a n d - s i d e .  
S t ep  15. I f  LHS is n o t  a  v a r i a b l e  o r  an a r r a y ,  then  i s s u e  
message #29 and r e t u r n .  
S t ep  1 6 .  I f  L=O and 'LHS i s  a  s c a l a r ,  t hen  go t o  s t e p  21. 
S t ep  17. For each s u b s c r i p t  term SNAME of t h e  LHS, perform 
s t e p s  18 t o  2 0 .  
S t ep  18.  I f  SNAME i s  n o t  a  v a r i a b l e  o r  c o n s t a n t ,  t h e n  
i s s u e  message #25 -and e x i t .  
S tep  19 .  I f  SNAME is  a  f r e e  s u b s c r i p t ,  then match SNAME . 
i n  t he  l i s t  SUBPAT. I f  n o t  matched, t hen  ou tpu t  
message #30 and r e t u r n .  I f  matched, then 
increment M. 
ALGORITHM 5.7  ( con t inued)  
S t e p  20. For n e x t  s u b s c r i p t  term i n  LHS,  go back t o  . 
S t e p  17. 
Step  21. For t h e  waveform under c o n s i d e r a t i o n ,  i d e n t i f y  
i t s  node I D  ' A I D '  i n t o  DICT t a b l e .  
The s u b s c r i p t  V2NAME t o  be  reduced i s  a l s o  
l o c a t e d  i n t o  o f f s e t  'SID' of FSUB t a b l e .  S e t  
REDUCT(AID,SID) = '1 'B. 
S t e p  22. Return .  
5 - 6 3  
a p o s i t i v e  e n t r y  a t  p o s i t i o n  ( 1 , J )  i f  t h e  I - t h  node depends 
on J - t h  s u b s c r i p t .  I i s  an index t o  DICT and J i s  an index 
t o  FSUB. In  a d d i t i o n  t o  FORCHST, program PROPAGT a l s o  g e n e r a t e s  
t h e  fo l lowing  o u t p u t s  t h a t  a r e  t o  be used i n  t h e  l a t e r  sequencing 
phase. 
(1) PAR-CNT(N) - t h e  count  of p redecessors  o f  each node. 
( 2 )  RENT - t h e  number of  non-zero e n t r i e s  i n  t h e  a d j a c e n t  
matr ix .  
(3 )  SUCESOR(#ENT) - A compact r e p r e s e n t a t i o n  of  t h e  graph 
which ho lds ,  f o r  each node, a l i s t  o f  i t s  succes so r s .  
- A l l  t h e s e  l i s t s  a r e  p laced  cont iguous ly  i n  a s i n g l e  
l i s t  SUCESOR i n  o r d e r  t o  save  space.  Two a u x i l i a r y  
a r r a y s  PLACEl(n) and PLACEZ(n) a r e  c r e a t e d  t o  ma in t a in  
. . 
. .  . 
. . a s t a r t  index and an end ' index  f o r  each node. 
Thus t h e  l i s t  of succes so r s  o f  node . I - c o n t a i n :  
SUCESOR(J)., J = PLACEl(1). t o  PLACEZ(1). 
(4) PLACEl(N) ,PLACEZ(N) - s t a r t  and end index i n  SUCESOR 
f o r  each node. 
( 5 )  INITLST(N) - t h e  i n i t i a l  l i s t  used l a t e r  i n  t h e  
sequencing phase.  
PROPAGT i s  desc r ibed  i n  Algorithm 5.8. 
5 . 2 . ' 7  Sequence Determination 
Once t h e  pr.ecedence r e l a t i o n s h i p s  among nodes a r e  e s t a b l i s h e d ,  
we a r e  ready  t o  s o r t  them i n t o  execu t ion  o r d e r .  A simple 
t o p o l o g i c a l  s o r t i n g  r o u t i n e  is n o t  adequate .  When s u b s c r i p t e d  ' 
v a r i a b l e s  a r e  involved ,  t he  s i t u a t i o n  becomes more complicated.  - 
Procedure S ~ L R  i s  t h e  main program f o r  performing t h e  sequencing 
and i t e r a t i o n  a n a l y s i s .  SC@DL,R accep t s  a s  input  t h e  a d j a c e n t  
mat r ix  a s  wel l  a s  o t h e r  d a t a  s t r u c t u r e s  genera ted  i n  t h e  PROPAGT 
ALGORITHM 5.8: SUBSCRIPT PROPAGATION - PROPAGT 
FUNCTION: Propagate subsc r i p t s  
CALLS: None 
CALLED BY: INTSEQ 
Step 1. Ca l cu la te  t h e  number o f  non-zero e n t r i e s  i n  t he  ad jacen t  ma t r i x .  
Step 2. A l l o c a t e  and c a l c u l a t e  t h e  paren t  count  PAR - CNT f o r  each node. 
Create successors l i s t  SUCESOR and i t s  index l i s t s  PLACE1 and 
PLACE2. 
Step 3. Compute SUBIND, a mapping o f  s u c s c r i p t  i n  FSUB t o  DICT.SUBIND(1) 
= J means s u b s c r i p t  o f  the  I - t h  p o s i t i o n  DICT i s  t he  same as J - t h  . 
p o s i t i o n  i n  FSUB. 
. . St.ep. 4. E s t a b l i s h  r e l a t i o n  between nodes andswbsc r i p t s .  I f  
. . 
PRIORITY ( subsc r i  p t  ,node) = 1 then s e t  F O R C H . F ' ~ ' ( ~ O ~ ~  ,subscr i  p t )  = 1 . 
procedure .  SCHEDLR t h e n  s o r t s  t h e  nodes i n t o  a  p o s s i b l e  e x e c u t i o n  
sequence,  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  i t e r a t i o n  scopes .  A s  i t s  
o u t p u t ,  i t  w i l l  produce a v e c t o r  ORDER of nodes s o r t e d  i n  
t h e i r  r ank ing  o r d e r  and t h e  loop  t a b l e  DOTAB. Program SCHEDLR 
depends on t h e  program ORDERER t o  do t h e  t r i a l  and a c t u a l '  o r d e r i n g ,  
and PRIOANAL t o  e v a l u a t e  t h e  r e s u l t s  o f  t r i a l  o r d e r i n g .  
5.2.7.1 Procedure - SCHEDLR 
The program SCHEDLR i n i t i a l i z e s  v a r i a b l e s ,  and t h e n  goes 
' through 3 phases ,  d e s c r i b e d  below. \ 
I n p u t s  t o  SCHEDLR \ 
( 1 )  N -- number of  nodes t o  be  schedu ied .  
.. 
. . '  ( 2 )  NFOR -- . number o f  sub . s c r i p t s  i d e n t i f i e d  by PROPA-GT. 
( 3 )  A(N ,N)  -- a d j  acency m a t r i x  
a . ( 4 )  FSUB(N) -- l i s t  o f  s u b s c r i p t s .  
( 5 )  FORCHST(N,NFOR) -- mat r ix  g i v i n g  dependency o f  nodes on 
s u b s c r i p t s .  
( 6 )  SUCESOR(#ENT), PLACEl(N), PLAcE~(N) -- Compact r e p r e s e n t a t i o n  
o f  t h e  graph.  Gives succe s so r s  of  each node. 
( 7 )  PAR-CNT(N) -- For node i s t o r e s  t h e  count  o f  i t s  p a r e n t s .  
( 8 )  #CYC,  CYCLIST -- The l i s t  of r e c u r s i v e  c y c 1 . e ~  found and . 
d e l e t e d  from t h e  ad jacency  ma t r i x .  
( 9 )  I N C Y C ( N )  -- For  each node deno tes  t h e  c y c l e  t o  which i t  
be longs .  Zero e n t r y  means node does no t  be long  
t o  any cyc l e .  
Outputs  o f  SCHEDLER 
(1) O R D E R ( I N )  -- a v e c t o r  o f  nodes s o r t e d  i n  t h . e i r  e x e c u t i o n  o r d e r .  
( 2 )  R A N K ( N )  -- a  v e c t o r  which g i v e s  node i i t s  rank  i n  
rank (i) . 
( 3 )  #LOOPS -- number o f  l o o p s  i n  t h e  t e s t .  
( 4 )  DOTAB( #LOOPS)- t h e  loop  t a b l e  which c o n t a i n s  t h e  f o l l o w i n g  
sub f i e l d s  : 
( 4 . 1 )  FIRST --- t h e  sequence number of  t h e  node 
( i . e .  i t s  index  i n  ' O R D E R ' )  which i s  t h e  
f i r s t  node i n  t h e  i t e r a t i o n  scope .  
( 4  -2) LAST --- t h e  sequence number o f  t h e  node which 
i s  t h e  las t  node i n  t h e  i t e r a t i o n .  
( 4 . 3 )  SUB# --- t h e  s u b s c r i p t  I D  ( i . e .  index t o  FSUB) . 
Data s t r u c t u r e s  used i n t e r n a l  t o  SCHEDLR a r e :  
(1) TPAR - CNT(N)  --- temporary copy of PAR - CNT. 
( 2 )  SEQUENCED(N) --- f o r  node i d e n o t e s  whether  i t  h a s  been  sequenced.  
( 3 )  TBNEST(TBNSIZ)-- l i s t  o f  s u b s c r i p t s  t o  b e  n e s t e d  i h  t h e  p r e s e n t  
i t e r a t i o n .  
( 4 )  NEST(NESTS1Z) -- s t a c k  o f  s u b s c r i p t s  i n  which t h e  c u r r e n t  
s u b s c r i p t  i s  n e s t e d .  
( 5 )  C H A R A C ( N )  --- f o r  node i d e n o t e s  whether  i t  i s  s u b s c r i p t  f r e e .  
( 6 )  IC --- name of  t h e  c u r r e n t  s u b s c r . i p t  b e i n g  t r i a l  o r d e r e d .  
( 7 )  IOC(#IOC) --- l i s t  of s u b s c r i p t s  which g o t  comple te ly  
s c h e d u 1 e d . h  t h e  c u r r e n t  t r i a l .  
( 8 )  IOP(#IOP) --- l i s t  of  s u b s c r i p t s  which go t  p a r t i a l l y  
scheduled i n  t h e  c u r r e n t  t r i a l .  
( 9 )  #CYPART --- t h e  number of  r e c u r s i v e  c y c l e s  which w i l l  
be  broken i f  t h e  c u r r e n t  t r i a l  s u b s c r i p t  i s  
schedu led .  
--- t r u e  means I C  go t  complete ly  schedu led ,  
f a l s e  means I C  g o t  p a r t i a l l y  schedu led .  
SCHEDLR has  3 phases .  ' I n  phase 1 i t  p i c k s  up a l l  t h e  source  
nodes and f i n d s  t h e i r  s u b s c r i p t s * t o  form a  cand ida t e  l i s t  
(cANDLIST). I f  a source  mode i s  s u b s c r i p t - f r e e  e n t r y  0 i s  made i n  
CANDLIST, I t ,  t h e n ,  forms b e s t  c and ida t e  l i s t  (BESTCANDLIST) 
1 
o u t  o f  t h e  c a n d i d a t e  l i s t  as f o l l o w s .  
Case .  ( i)  It f i r s t  t r i e s  t o  f i n d  i n t e r s ec t i - on  o f  CANDLIST 
a 
and. TBNEST l i s t s .  
Case ( i i )  Otherwise ,  i t  t r i e s  t o  f i n d  i n t e r s e c t i o n  between 
CANDLIST and NEST s t a c k .  
Case ( i l l )  Otherwise ,  i t  searches t o  s e e  whether  t h e r e  i s  
s u b s c r i p t - f r e e  i n  CANDLIST. 
Case ( i v )  Otherwise ,  i t  i n c l u d e s  a l l  e n t r i e s  of CANDLIST. 
It i s  de sd r ibed  more f u l l y  i n  t h e  Algori thm 5.9 .  
I n  phase 2 i t  c a l l s  on ORDERER w i t h  each o f  t h e  s u b s c r i p t s  i n  
BESTCANDLIST t o  perform a t r i a - l  s chedu l e .  The ORDERER'called w i t h  
t h e  s u b s c r i p t  I C  ' r e t u r n s  t h e  fo l l owing  i n fo rma t ion .  
cp -- True i f  I C  go t  complete ly  schedu led .  
* 
I. I O C  -- L i s t  of  o t h e r  s u b s c r i p t  completely scheduled. 
I O P  -- L i s t  o f  o t h e r  s u b s c r i p t s  p a r t i a l l y  schedu led .  
* I n  t h e  Nopal sys tem a s u b s c r i p t  r e p r e s e n t s  a  r ange ,  and set  of  nodes 
which d e ~ e n d  on t h e  s u b s c r i ~ t  i s  a  r anee - s e t .  
#CYPART -- Is s e t  t o  g r e a t e r  t h a n  one i f  a r e c u r s i y e  
c y c l e  cannot  be  schedu led  comple te ly .  
It t h e n  c a l l s  on PRIOANAL t o  e v a l u a t e  t h e  r e s u l t s  of  
th'e t r i a l  o r d e r i n g .  .The p r i o r i t y  i s  determined a c c o r d i n g  t o  t h e  
~ab'lle. '5 .:7,,: 
If t h e  p r i o r i t y  i s  1 it goes on t o  phase 3 o t h e r w i s e  i t  t r i e s  
t r i a l  o r d e r i n g  f o r  a l l  t h e  c a n d i d a t e s  i n  BESTCANDLIST and s t o r e s  
t h e  one which y i e l d s  t h e  h i g h e s t  p r i o r i t y .  
A f t e r  ad&-. 4 ; h ~ s a n d i d a t e s  in RTSTCANDLIST have been  
e v a l u a t e d ,  e r r o r  message i s  i s s u e d  i f  t h e  h i g h t e s t  p r i o r i t y  
was found t o  b e ,  5,  and a warning i f  i t  was 4 .  - If p r i o r i t y  1s not. 
5 i t  on t o  phase. 3 t o . d o  t h e  a c t u a l .  schedu l ing ;  o t h e r w i s e  
i t  r e t u r n s .  
The d e t a i l s  of phase  2 a r e  d e s c r i b e d  I n  t h e  Algori thm 5 . 9 .  
I n  phase  3 i t  c a l l s  t h e  ORDERER a g a i n  b u t  t h i s  t i m e  t o  do 
t h e  a c t u a l  s c h e d u l i n g  of nodes .  T h i s  t ime t h e  ORDERER 
s c h e d u l e s  t h e  nodes which have t h e  s u b s c r i p t s  I C  and a l l  t h e  
ones i n  NEST'stack. It t h e n  u p d a t e s  ORDER, RANK, SEQUENCED and . 
PAR - CNT. 
F i n a l l y ,  i f '  some nodes s t i l l  remain t o  b e  schedu led  i t  
goes back t o  phase 1. 
5 . 2 . 7 . 2  Procedure  ORDERER 
- . T h i s  procedure  t r i e s  t o  o r d e r  t h e  nodes be long ing  t o  t h e  
s u b s c r i p t s  s p e c i f i e d  by i t s  i n p u t s .  It performs t r i a l  o r d e r  i f  a  
f l a g  TIMES i s  n o t  s e t ,  and t h e  a c t u a l  o r d e r i n g  o t h e r w i s e .  
~ ~ b l ~  5 . 7  Scheduling P r i o r i t i e s  B a s e d  On Results  O f  F i r s t  T r i a l  
;' schedule .. . 
- .  
ALGORITHM 5.9 SEQUENCING SCHEDLR 
FUNCTION: Sequencing  and i t e r a t i o n  a n a l y s i s .  
CALLS: ORDERER, PRIOANAL (and Suppor t  Rou t ines  
ADD, DELETE, INTERSECT, STRTITER, ENDITER, BELONGS) 
CALLED BY: INTSEQ 
S t e p  1: I n i t i a l i z e  SEQUENCED(N) t o  0 .  
I n i t i a l i z e  CHARAC(I) t o  0 f o r  node i i f  node i i s  
s u b s c r i p t  - f r e e .  
St-ep 2: Do t h e  f o l l o w i n g  3 phases  
S t e p  2 .1  Phase 1 
S t e p  2 .1 .1  For  a l l  nodes i which do n o t  have  
( i . e .  PAR - CNT(i) = o) i n c l u d e  . 
. 
e h e i r  s u b s c r i p t s  i n  l i s t  CANDLIST. ' ( I n c l u d e  z e r o  
i 'n c a s e  t h e r e  a r e  nodes whLck d o ' n o t  have any  
. 
s u b s c r i p t s !  
S t e p  2.1.2 For  a i l - s u b s c r i p t s  i n  CANDLIST g e t  t h e  
" b e s t "  s u b s c r i p t s  and, p u t  them i n  l i s t  BESTCANDLIST 
as f o l l o w s :  
S t e p  2.1.3 Case 1: F o r  a l l  s u b s c r i p t s  i n .  CANDLIST 
which , a r e  a l s o  i n  TBNEST p u t  them i n  BESTCANDLIST 
Go t o  s t e p  2.2 
S t e p . 2 . 1 . 4  -- - Case 2 :  I f  t h e r e  i s  a n  e n t r y  i n  the 
NEST s t a c k  which b e l o n g s  t o  CANDLIST t h e n  r e p e a t  
s t e p  52.1.5 u n t i l  t h e  match found.  
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ALGORITHM 5.9 (continued) 
S t e p  2 . 1 . 5 ,  I f  t o p  o f  NEST s t a c k  i s  a member o f  CANDLIST 
p l a c e  i t  i n  BESTCANDLIST and go t o  2.2. 
e l s e  pop NEST s t a c k  and g e n e r a t e  end o f  
i t e r a t i o n  f o r  t h e  c o r r e s p o n d i n g  s u b s c r i p t .  
S t e p  2..1.6. Case 3 :  I f  s u b s c r i p t - f r e e  r a n g e  ( i . e . 0 )  
i s  a member o f  CANDLIST p u t  i t  i n  BESTCANDLIST 
and go t o  S t e p  2.2. 
S t e p  2.1.7.  Case 4 :  Pu t  a l l  t h e  e n t r i e s  i n  CANDLIST 
i n t o  BESTCANDLIST. 
. . 
. . 
S t e p  2.2 phase  2: For  each  o f  t h e  s u b s c r i p t s  i n  BESTCANDLIST do 
t h e  s t ' e p s  2.2.1 t o  2.2.6. L e t  i b e  e n t r y  i n  BESTCANDLIST. 
a 
S t e p  2.2.1. I f  i t  was c a s e  1 above push BESTCANDLIST(I) 
on NEST s t a c k .  
S t e p  2.2.2.  Ca l l  ORDERER w i t h  argument f a l s e  t o  do 
a t r i a l  s c h e d u l e  /" i t  p roduces  1 0 ,  I O C  IOP, 
#CYPART, CP, e t c  */ 
S t e p  2.2.3.  Cal l  PRIOANAL t o  a n a l y z e  t h e  r e s u l t s  o f  
ORDERER. L e t  t h e  p r i o r i t y  r e t u r n e d  b e  P .  
S t e p  2.2.4. If P  = 1 t h e n  go t o  S t e p  2 . 2 . 9 .  
S t e p  2.2.5. Keep t h e  v a l u e  o f  t h e  b e s t  p r i o r i t y  s o  f a r  
i n  VALBESTSUB and t h e  s u b s c r i p t  name i n  BESTSUB. 
S t e p  2.2.6. end of  l o o p  from 2.2.1.  
S t e p  2.2.7. I f  VALBESTSUB = 5  t h e n  i s s u e  e r r o r  
message t h a t  a r e c u r s i v e  - c y c l e  h a s  t o  b e  
b roken .  Re tu rn .  
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ALGORITHM 5.9 ( c o n t i n u e d )  
S t e p  2.2.8. If VALBESTSUB = 4 t h e n  i s s u e  a 
warning  message t h a t  a v i r t u a l  s u b s c r i p t  must 
b e  made p h y s i c a l .  
S t e p  2.2.9. Put  a l l  t h e  o v e r l a p p i n g  s u b s c r i p t s  as 
de te rmined  by ORDERER i n  t h e  l i s t  I0 i n t o  
TBNEST l i s t .  
S t e p  2 .3  Phase 3: /* a c t u a l  s c h e d u l i n g  */ 
S t e p  2.3.1: Call  t h e  ORDERER a g a i n  t h i s  t i m e  w i t h  
argument t r u e  t o  do t h e  a c t u a l  s c h e d u l i n g .  
/* OmERER w i l l  now- ~ c h e d u l e  by ~ n l y  t h e  nodes ;  . . 
w i t h  t h e  s u b s c r i p t s  I C  and t h e  ones  on NEST s t a c k .  It 
w i l l  a l s o  upda te  t h e  g l o b a l  d a t a  s t r u c t u r e s ,  - 
ORDER, RANK, SEQUENCED, PAR CNT */ 
- 
S t e p  2.3.2.  I f  it was Case 2  and no new nodes g o t  
s c h e d u l e d  i n  t h i s  c a l l  t o  ORDERER, end t h e  
i t e r a t i o n  c o r r e s p o n d i n g  t o  t h e  s u b s c r i p t .  
t h e  NEST s t a c k .  
S t e p  3 If some nodes remain  t o  b e  schedu led  go t o  S t e p  2 .  
S t e p  4 Do s t e p  4 . 1  u n t i l  t h e  NEST s t a c k  i s  empty. 
S t e p  4 .l. Pop t h e  NEST s t a c k  and g e n e r a t e  end o f  
i t e r a t i o n  f o r  t h e  s u b s c r i p t  j u s t  popped. 
I n p u t s  t o  ORDERER a r e :  
( 1 )  TIMES -- F l a g  which t e l l s  whe the r  a c t u a l  o r d e r i n g  s h o u l d  
b e  performed.  
( 2 )  NEST -- If TIMESfs n o t  s e t  t h e n  i t  w i l l  p i c k  t h e  s u b s c r i p t  
on t h e  t o p  o f  t h e  NEST s t a c k  as I C .  
I f  TIMES i s  s e t  t h e n  i t  p i c k s  up a l l  t h e  s u b s c r i p t s  
on NEST, and I C  as b e f o r e .  
( 3 )  It u s e s  t h e  g l o b a l  d a t a  s t r u c t u r e s  ORDER, RANK, SEQUENCED, 
PAR - CNT, CHARAC, CYCLIST e t c .  d e s c r i b e d  i n  t h e  program 
. SCHEDLR. 
. . 
Outputs  ( I f  TIMES = f a l s e )  o f  t h e  t r i a l  o r d e r :  
(1) CP -- t r u e  i f  a l l  nodes be long ing  t o  I C  g o t  s o r t e d .  
( 2 )  IOC(#IOC) -- L i s t  o f  s u b s c r i p t s  which g o t  comple te ly  
schedu led .  
( 3 )  IOP(#IOP) -- L i s t  o f  s u b s c r i p t s  which g o t  p a r t i a l l y  schedu led .  
( 4 )  IO(#IO) -- Union o f  I O C  and IOP. 
( 5 )  #CYPART-- Not e q u a l  t o  ze ro  means t h a t  a r e c u r s i v e  c y c l e  
was on ly  p a r t i a l l y  schedu led .  
Outputs  ( I f  t imes  = t r u e )  of t h e  a c t u a l  o r d e r :  
(1) ORDER(N) -- Add t h e  new o r d e r e d  nodes i n  i t .  
( 2 )  SEQUENCED(N)-- Mark t h e  new o r d e r e d  nodes a s  sequenced.  
' (3) .  . PAR - cNT.(N) -- 'Decrement t h e  p a r e n t  count-  o f  . t h e '  s u c d e s s o r s  
. , 
'a 
o f  t h e  nodes which g o t  o r d e r e d .  
(4) R A N K ( N )  --Enter t h e  rank  f o r  t h e  new nodes which g o t  o r d e r e d .  
( 5 )  TPAR-CNT(N) -- Copy of PAR-CNT(N2. Used i n  t r i a l  o r d e r i n g .  
I n t e r n a l  d a t a  s t r u c t u r e s  : I 
(1) TORDER(#TORDER) -- T r i a l  o r d e r  v e c t o r  
The ORDERER f i r s t  g e t s  t h e  s b u s c r i p t  on t o p  o f  n e s t  s t a c k  
i n t o  I C .  -Nodes depending on i t  a r e  t o  b e  o r d e r e d .  
I f  TIMES i s  f a l s e  i t  g e t s  a l l  t h e  nodes cor respond ing  t o  I C .  
It c a l l s  TOPOLOS which t o p o l o g i c a l l y  s o r t s  them,. p l a c e s  t h e  r e s u l t  
i n  TORDER and RANKLIST and c r e a t e s  t h e  temporary TPAR - CNT.  
It t h e n c a l l s  TOPOANAL, does an a n a l y s i s  and f i n d s  t h e  
o v e r l a p p i n g  r a n g e - s e t s  which g o t  comple te ly  and p a r t i a l l y  schedu led ;  a 
I 
and p u t s  them i n  IOC(#IOC) and IOP(#IOP). It a l s o  f i n d s  whether  
I C  go t  complete ly  scheduled and s e t s  CP a s  t r u e .  F i n a l l y ,  
i t  checks t o  s e e  whether  t h e  r e c u r s i v e  c y c l e s  g iven .by  CYCLIST 
go t  complete ly  scheduled.  I f  s o  #CYPART i s  s e t  equa l  t o  a .  It 
t h e n  r e t u r n s  ( t o  SCHEDLAR which e v a l u a t e s  t h e  p r i o r i t y  of  t h e  
t r i a l  o r d e r i n g  u s i n g  I C )  . 
I f  TIMES i s  - t r u e  i t  g e t s  a l l  nodes be long ing  t o  t h e  s u b s c r i p t s  
of  I C  and a l l  t h e  e lements  of  NEST s t a c k .  It a g a i n  c a l l s  TO.POLOS 
which t o p o l o g i c a l l y  s o r t s  them, p l a c e s  t h e  r e s u l t  i n  TORDER and 
b 
RANKLIST and c r ea t e s '  t h e  temporary TPAR . - CNT. 
It then  appends ORDER wi,th TORDER, marks.  t h e  nodes-  be long ing  
. . 
. t o  TORDER .as done. b y  s e t t i n g  cor responding  e n t r y  o f '  SEQUENCED as 
t r u e .  It ' a l s o  upd.ates RANK and PAR CNT -as g iven  by RANKLIST and 
L - 
TPARENT . 
ALGORITHM 5.10: ORDERER 
FUNCTION: Do an  o r d e r i n g  f o r  t h e  nodes f o r  t h e  g iven s u b s c r i p t s .  
CALLS : TOPOLOS, TOPOANAL, UPDATE 
CALLED : SCHEDLR 
S tep  1: I C  = t o p  o f  NEST s t a c k .  
S t ep  2 :  I f  -TIMES t h e n  
S tep2 .1  Get a l l  nodes which depend on t h e  s u b s c r i p t  
o f  I C ,  and p u t  them i n  NODESET (#NODES). 
S t ep  2 . 2  Call  TOPOLOS w i t h  NODESET a s  i n p u t  arguments,  
and it r e t u r n s  t h e  r e s u l t  i n  TORDER and RANKLIST. 
. Step  2.3 Call TOPOANAL t o  ana lyze  t h e  TORDER. It s e t s  4 
. . . I O ,  I O C , .  I O P ,  CP, #CYPART' as d e s c r i b e d  e a r l i e r .  
. 
S t e p  2.4: Return .  
S t e p  3:  If TIMES t h e n  
S t e p  3.1: Get a l l  nodes which depend on t h e  s u b s c r i p t s  
I C  and a l l  e n t r i e s  o f  NEST. 
P l a c e  them i n  NODESET. 
S t e p  3.2: Call  TOPOLOS w i t h  NODESET as i n p u t  arguments ,  
and i t  r e t u r n s  t h e  r e s u l t  i n  TORDER and RANKLIST. 
S t e p  3.3: Append ORDER w i t h  TORDER, and RANK w i t h  
RANKLIST. Mark t h e  nodes cor respond ing  
t o  e n t r i e s  i n  TORDER as SEQUENCED. 
. Copy TPAR - CNT i n t o  PAR - CNT. 
S t e p  3 . 4 : '  Re tu rn .  . 
5.2.7.3 TOPOLOS: 
T h i s  'program performs t h e  r a n k i n g  and sequencing o f  
t h e  nodes g i v e n  t o  it i r r e s p e c t i v e  of t h e i r  s u b s c r i p t s .  
I n p u t s  : 
INLIST(#IN) -- E n t r i e s  t o  be  ranked 
PAR CNT(N) -- P a r e n t  count  of each node i n  t h e  ad jacency  
- 
m a t r i x .  
SUCESOR(#E.NT), PLACE~(N) ,  PLAcE~(N) -- d e s c r i b e d  i n  SCHEDLR. 
. . 
CURANK -- Ctirrent v a l u e  of rank. 
OUTPUT : 
OUTbIST(#OUT) - E n t r i e s  INLIST which were o r d e r e d  a r e  p l a c e d  i n  
. . .  
. . 
. .  . 
. . 
' OUTLIST. . 
OU.TRANK(#OUT) -Rank of  t h e  e n t r i e s '  p l a c e d  i n  OUTLIST. 
TPAR CNT(.N) -- New P a r e n t  count .  
- 
I n t e r n a l  d a t a  s t r u c t u r e s  
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INFLAG(N) -- i t h  f l a g  i s  s e t  t o  i n d i c a t e  t h a t  IN LIST(^) i s  ranked .  
The a l g o r i t h m  used i s  t h e  w e l l  known t o p o l o g i c a l  s o r t i n g  
and i s  d e s c r i b e d  i n  Algori thm 5.11. 
ALGORITHM 5.11 TOP'OLOS 
FUNCTION: To s o r t  t h e  g iven  nodes i r r e s p e c t i v e  of t h e i r  s u b s c r i p t s .  
CALLS : None 
CALLED BY: ORDERER 
S tep  1: Copy PAR CNT i n t o  TPAR CNT. 
- - 
Reset  INFLAG(#IN) t o  f a l s e .  
S t e p  2 :  RANKLEVEL = CURANK 
#NEW = 0 
Step  3 :  Do S t ep  3 .1  and 3;2  f o r  a l l  nodes i i n  INLIST. 
S t ep  3 .1  I f  INFLAG(I) i s  f a l s e  and TPAR - CNT(INLIST(i)) = .  
. .  . 
. . 
0 t h e n ' a d d i t  t o  OUTLIST and OUTRANK. 
S t ep  3.2: #NEW = #NEW + 1 
Step  4 I f  #NEW = 0 t h e n  r e t u r n  
S t ep  5 For  a l l  t h e  nodes i n  OUTLIST(#OUT) t o  OUTLIST (#OUT + 
#NEW) decrement t h e  TPAR - CNT.  
S t e p  6 RANKLEVEL = RANKLEVEL +1; 
#OUT = #OUT + 1; 
#NEW = 0 
Step  7 Go t o  S t e p  3. 
5.2.7.4 TOPOANAL 
T h i s  program a n a l y z e s  t h e  r e s u l t  o f  t h e  t r i a l  o r d e r i n g  
performed by ORDERER. 
I n p u t s  : 
I C  -- Name o f  t h e  s u b s c r i p t  b e i n g  t r i a l  o r d e r e d .  
TORDER(#TORDER) -- The t r i a l  o r d e r  v e c t o r .  
#NODES -- Number o f  nodes which were t r i e d  t o  be  o r d e r e d  
i . e .  which had t h e  s u b s c r i p t  I C .  
OUTPUTS : 
\ 
\ 
CP -- True i f  a l l  t h e  nodes w i t h  A,ubscript I C  g o t  
o r d e r e d .  f a l s e  o t h e r w i s e .  
. . 
I O C ( # I O C )  -- ' S u b s c r i p t s  a l l  of  whose nodes g o t  schedu led .  
IOP(#IOP) -- S u b s c r i p t s  some o f  whose nodes g o t  scheduled .  
#CYPART -- Non-zero means a  r e c u r s i v e  c y c l e  had t o  
be broken.  
The a l g o r i t h m  used i s  d e s c r i b e d  i n  Algori thm 5.12. 
ALGORITHM 5.12 TOPOANAL 
FUNCTION: To a n a l y z e  t h e  r e s u l t  of  t r i a l  o r d e r i n g  done by 
ORDERER. 
CALLS :. None 
CALLED : 
S t e p  1: 
S t e p  2 :  
\ i S t e p  3: 
\ S t e p  4 :  
* \ 
S t e p  5 :  
- 
ORDERER 
I n i t i a l i z e  #CYPART, # I O ,  #IOP, # I O C  t o  z e r o .  
If #TORDER = 0  t h e n  #CYPART = 1;RETURN. 
If I C  = 0  t h e n  Return .  
For  each o f  t h e  nodes i n  TORDER g e t  i t s  s u b s c r i p t s  
and p l a c e  i n  t h e  l i s t  10 .  
For each e lement  J of t h e  s e t  I 0  .do t h e  f o l l d w i n g :  
S t e p  ,5.1.: Find al ' l  nodes depending on t h e  s u b s c r i p t  J .  
Le t  them be denoted  by A. 
S t e p  5 .3 :  I f  A i s  c o n t a i n e d  i n  TORDER t h e n  e n t e r  J i n  
t h e  l i s t  I O C  e l s e  e n t e r  J i n  t h e  l i s t  IOP. 
S t e p  6 :  For  each node N i n  TORDER INCYC(TORDER(N)) f 0 do t h e  
f o l l o w i n g :  / *  i . e .  N o c c u r s  i n  a  r e c u r s i v e  c y c l e  * /  
S t e p  6 . 1 :  If a l l  members o f  t h e  r e c u r s i v e  c y c l e  
c o n t a i n i n g  N a r e  n o t  i n  TORDER s e t  #CYPART = 1. 
Return .  
S t e p  7 :  Return.  
5.2.8 Flowchart Report 
Th i s  s e c t i o n  b r i e f l y  d e s c r i b e s  t h e  r e p o r t  gene ra t ed  i n  
t h e  i n t r a - t e s t  module a n a l y s i s  and sequencing phase of  t h e  
NOPAL p roces so r .  The f lowchar t  r e p o r t  c o n s i s t s  of  t h r e e  
p a r t s :  ( I )  an ad jacency  ma t r ix ,  (2 )  a  sequencing r e p o r t ,  
.and (3) an  i t e r a t i o n  t a b l e .  The adjacency ma t r ix  h a s  been 
d i s cus sed  i n  t h e  p rev ious  s e c t i o n s  ( e .  g. s e e  S e c t i o n  5 .2 .3 ) .  
We w i l l  d e s c r i b e  t h e  i n t e r p r e t a t i o n s  o'f t h e  l a t t e r  two t a b l e s .  
A t e s t  module names GET - DATA i s  used throughont t h i s  s e c t i o n  
t o  i l l u s t r a t e  t h e  f lowchar t  r e p o r t .  NOPAL source  program of 
GET - DATA i s  shown i n  Figure  5 . 9 .  
Th i s  t e s t  a p p l i e s  s t imu ius  t o  PIN1 and PIN2 o f  NAND g a t e ,  
i s s u e s  some in fo rma t ive  messages t o  o p e r a t o r ,  and t a k e s  t h e  
measurement DIGITAL - RESP from PIN3. The measured v a l u e  OUT 
is  saved f o r  subsequent use .  There a r e  24  g a t e s  t o  be t e s t e d ,  
and we want t o  apply  t h r e e  d i f f e r e n t  p a t t e r n s  t o  each g a t e .  
The usage of t h e  s u b s c r i p t e d  v a r i a b l e s ,  e . g .  IN(PAT), OUT(GATE, 
PAT) , ' e tc .  imp l i e s  a  double loop  involved i n  t h e  t e s t  sequencing.  
The corresponding f lowchar t  r e p o r t  f o r  t e s t .  GET - DATA i s  shown . 
i n  F igu re  5.10. We w i l l  f r e q u e n t l y  r e f e r  t o  s t a t emen t  n  where n  
i s  an  index t o  t h e  o r d e r  v e c t o r  ( f i r s t  column of  t h e  s equenc ing ,  
rep0r. t  i n  F igure  5 .10) .  
Sta tements  1 t o  3  of t h e  sequence r e p o r t  j u s t  d e c l a r e s  
SUBS i s  a  g loba l  v a r i a b l e  o r  func t ion  and GATE and PAT a r e  two 
f r e e  s u b s c r i p t s .  These a r e  merely d e c l a r a t i o n s  and w i l l  n o t  
g e n e r a t e  o b j e c t  code. L O O P - 1  s t a r t s  from s ta tement  4 . and  ends a t  
( i n c l u s i v e )  s ta tement  5.  Th is  loop  s p e c i f i e s  t h a t  s u b s c r i p t  
PATTERN should i t e r a t e  from 1 t o  3  t o  f i l l  i n p u t  a r r a y  IN(PAT). 
........................... 
TEST GET-DATA; 
STIR;  
CONJ : < P 1 - 1 Z 1 ~ f - 2 >  = P-SUPPLY C5.O VOLT) & 
< P I N t < G A T E ) , P I N Z ( G A T E l >  = D I G I T A L - S T I R  ( I N ( P A T ) )  
SOURCE: I N  (PAT); 
ASSERT: GATE = S U ~ S C ~ P I N I ~ P I N Z ~ P I N ~ ~ O U ~ ~ ~ )  . 
TARGET: GATE; 
ASSERT: PAT = SUES ( ' lPJt0tJ~: t0 ,3> TARGET: PAT; 
REAS; 
CON4 : <PIN3CGATE)> = D I G I T A L  RESP(OUT(GATE9PAT) 
TARGET: OUTCGITE ,PAT); 
LOGIC: FOR-GATEv FOR-PAT; 
DTACNOSI S FOR-GATE : 
P A R A M  = GATEl 
TYPE = 6ATE-1 SG; 
8ESSAGE 6 ATE-PlS6: 
T E X T  =   TEST IN^ GATE ( P I  t#;*; 
D IAGNOST S FOR-PAT:, 
. . 
P A R A M  = .<PAT, I N ~ P A T )  ,GATE) ,  
TYPE = PAT-HSG; 
RESSAGE PAT-MSG.: 
--*-& . ##- .* ;. .. ..? -. - .  .- 
- ~ E X ?  =. fl E.PPL.YXNG P A ~  ' CPP 5 #; i .E';- ( P - 2 3 " ' ~  ~ r #  
. ..........A*** ..I. * * .  
FIGURE 5 . 9 :  A T E S T  MODULE WITH S U B S C R I P T  USAGE 
S S - u C t P l  
SS-,C2?2 
35-.;;03 
S X - " Z G ? l  
FOR-GATE 
FOR-PAT 
P A T  
G A T E  
I h ( P 4 T )  
5 0 3 s  
O U T ( G A 7 E  
I N T R A  7lJlliJLZ S E Q U E N C I N G  GET-DATA 
A N A L Y S I S  OF THE ADJACENCY P A T H I X  
1 1  
1 2 3 6 5 6 7 8 9 C l  
- - - - - - - - - - -  
C C N J V Y C T i C t l  b 0  0 'I 0  0 O 9 O  G 0 
I S S E R T I C N  5 0 0 0 3 3 5 1 0 3 0  
ASScRT:DH 5 0 0 0 0 0 1 0 0 3 3  
CO'JJC%CTION C 5 0 0  0  0 0 0 0 3 1 
Di;.61;3SiS G 0 0 0 0 0 0 3 0 S O  
D I L S N O S E S  O O O O O O J C O O O  
V A i l I A 2 L E  1 0 0 1 0 1 3 G 5 G C  
V q R l A 3 L t  1 0 0 1 1 1 0 0 3 G O  
V l i 7 1 A ; ~ E  l 0 O O o l J O J J J  
V h r ( 1  ABLE 0 1 1 0 G 3 J C 0 5 3  
,?A ' J A R i 9 5 L E  L d o o G o o o o o u  
SEQUENCE O F  P K O C E S S I N 6  FOR T E S T  GET-DATA 
OPCER 
V L i T  JRDER R A U K  NARE T Y P E  T E X T  
I H D E X  V E i T J R  
1 1C 1 S i l S S  V A R I A B L E  B L L A L  I SOURCE I 
i? 2 2 SS-UOCCZ A S S E P T  I O N  G A T E  ? S U ~ S C ~ P I N ~ ~ P I N Z ~ P I Y ~ ~ ~ ~ ~ T ~ ~ ~ ~ )  
. TARGET: 6 A T E  
. u .  
SOURCE.: was; 
SS,U3Ca3 A S S E i l T I O N  P A T  = SUBSC01N,0UT:2'.S) 
TARGET: P A T  
SOURCE: SUBS; 
L a c ? - 1  STPQTS:  S U B S C R I t T  P A T  I ' T F ? A T E S  F R O A  1 ' T O  5 
L .r - 4 P A T  . . v A R I , A @ L E  . L O C A L  
-- 
. 5  9 5 I N < P A T . )  . S U B S C R I P T - V A  G L O B A L  I SOURCE I 
LQUP-1 EYDS; 
L O O P - 2  STARTS: S U B S C R I P T  6 A T E  I T E R A T E S  FROV 1 T O  24 
6 8 6 G A T E  V A R I A B L E  L O C A L  
7. 5 7 FDR-6ATE D I A G l O S E S  OTHER PARA#ETERS=CGRTE) ,  T Y P E  = 6 A T  E-'56; 
LOOP-3  STARTS:  S U B S C R I P T  P A T  I T E R A T E S  FROX 1 T O  3  r 
e 1 a .  s s - u o ; ~ ~  COYJUNCTIOH c < ~ 1 - 1 2 ,  PI,Z> = P - s u ~ ~ ~ r ( 5 . t  VOLT ) )  ~ C < P I X ~ .  PIYZ> = 
D I6 ITAL ,ST  I f i ( I N ( P & T ) ) )  
SOURCE: P A T *  G A T E *  i N C P A T  1; 
C O N J U l C T I C N  (<P?Y:> B I 6 I T A L - R E S P ( O U T ( S A ? E  ,PAT1 3 )  
TARGET: O U T ( 6 A T E  ,P,q 
SOURCE: PAT, GATE; 
C U T ( 6 C T E  . P h  SUS~CRIP~-VP G L 0 3 r L  I T A A G C T  I 
LOOP-3  ENDS;  
L O O P - 2  ENDS;  . 
L O O P  S U K R A R I  T A 6 L E  : 
LOOP-7  F I R S T  NODE I S  C L A S T N O D E I S  5 S U U S C R l p T  IS P A T  
LOOP-2 F I R S T  NODE IS 6 L A S T  NODE I S  11 S U B S C R l P T  I S  G A T E  
L COP-5 F I R S T  NODE I S  8 . LAST kODE I S  11 S U B S C R I P T  I S  PAT 
PACURE 5 . 1 0 :  FLOWCHART REPORT FOR G E T  DATA 8 
- .) 
In fac t ,  IN(PAT) i s  a global array and i t s  elements are f i l l e d  i n  some other t e s t  
module. Consequently, .LOOP-1 ' i s  just  a dummy iteration. The code generator will 
not generate code for these nodes. LOOP-2 s t a r t s  from Statement 6 and includes in 
i t s  scope the r e s t  of the statements in th i s  t e s t .  In LOOP-2 and NAND gate i s  
tested a t  a time. A message (Statement 7 )  i s  f i r s t  sent to operator to  indicate 
the gate number currently under examination. Then LOOP-3 s t a r t s  to i t e ra t e  three 
different  patterns. In the double-subscripted range, i . e . ,  Statements 8 t o  10, each 
gate i s  applied a different  i n p u t  pattern (Statement 8) an information messaqe i s  
output (Statement 9 ) ;  a measurement i s  taken for each gate under each pattern (State- 
ment 10); and f ina l ly ,  output variable array OUT(GATE,PAT) i s  saved for  l a t e r  use. 
This concludes the description of sequencing table. An i teration table which sum- 
marizes a l l  the loops involved in the t e s t  i s  given a t  the.end of the flowchart 
report. Note that  the node number i s  indexed to order vector, instead of adjacency 
matrix. Should ther'e be no loop i n  the  t e s t ,  t h e  sumMry tab le  would not exist .  . , 
. - 
-- 
5.3 Inter-Test-Module Analysis and Sequencing 
5.3.1 Overview of Inter-Test-Module Analysis 
This section deals with the creation and analysis of .the digraph for the whole 
module, and the determination of execution sequence of t e s t  modules. However, i n  the 
current implementation, since more tha'n one t e s t  i s  allowed only in the MAIN module, 
t h i s  stage i s  used only for  the MAIN module. The logical errors that  may be detected 
during th i s  phase are also identified. In inter- test  analysis and sequencing, the 
relationships between three types of global objects are studied. These objects 
are t e s t s ,  diagnoses and global variables. In the analysis, the functions are treated 
as global variables which need not be targeted. .Each of these objects may be sub- 
scripted. Just  as .a subscripted variabl'e denotes rnul t i  ple instances of the variable, 
a subscripted t e s t  or  diagnosis denotes multiple instances of the t e s t  or diagnosis. 
A subscripted t e s t  or diagnosis i s  referred. to as an "array" t e s t  or  diagnosis. Just  
as with subscripted variables, the presence of the subscript i n  declaring a t e s t  or 
diagnosis causes the NOPAL processor to  include the t e s t  or diagnosis i n  an i terat ion 
for  the range of the subscript. Only a simple subscript 
name may be used t o  qua1 i f y  a t e s t  o r  diagnosis. Use o f  the  subscr ipt ,  e.g., 
TEST TEST1 ( I ) ,  i nd i ca tes  t o  the processor t h a t  the  c a l l  t o  the t e s t  (TEST1 , f o r  
example) . i s  . t o  be inser ted  w i t h i n  a loop on I. 
There a r e  seven k inds o f  re la t i onsh ips  between the g lobal  ob jec ts  i n  a 
spec i f i ca t i on .  These precedence re1 a t i onsh i  ps w i t h  t h e i r  recogn i t ion  r u l e s  have 
been summarized i n  Table 5.1. Each precedence r e l a t i o n s h i p  corresponds t o  a row 
' i n  the  table.  It i s  i d e n t ' i f i e d  by  a prededence type, and associated w i t h  a p r i o r i t y  
and s t ra tegy  name. Then i t s  ex is tence between a predecessor and a successor i s  
speci f ied,  poss ib l y  w i t h  an execut ion t ime cond i t ion .  A r e l a t i o n s h i p  w i t h  an 
execut ion t ime cond i t i on  means t h a t  t h i s  cond i t i on  must be tes ted  dynamical ly 
dur ing  execut ion time. These re la t i onsh ips  a re  then used, t o  form a dipraph. Each 
node o f  the  graph' represents a g lobal  data ( va r i ab le ) ,  .a diagnosis, o r  a t e s t  
. module.. Each..directed edge denotes one o f  these' precedence re la t i onsh ips .  Bared 
.on th i s .g raph , . t he  consistency,' completeness, and ambiguity of the  s p e c i f i c a t i o n  
1 
can be'checked. I f  the re  are  no e r ro rs ,  the  t e s t  modules are arranged i n  execu- 
t i o n  sequence. Loops are  generated f o r  a r ray  t e s t s  and diagnoses, so t h a t  these 
funct ions may be performed r e p e t i t i v e l y  i f  so required. 
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The seven sequencing s t ra teg ies  used i n  determining the  precedence r e l a t i o n -  
ships are l i s t e d  i n  Table 5.1 and explained below.' 
1) Data determinacy p r i n c i p l e  d i c ta tes  t h a t  data must be generated before 
it can be used. The generat ion o f  data f o r  a g lobal  va r i ab le  by a predecessor 
t e s t  module i s  recognized . 
by its declaration as a TARGET variable. The use of a global 
variable by a successor test module is recognized when it is 
declared as SOURCE. A global. variable has a diagnosis as 
a successor if it is used as a parameter in the diagnosis. The 
global variable has a diagnosis as a predecessor if the variable 
is used as an operator response in the diagnosis. This 
relationship is 'designated as type 1, and is mandatory. There- 
fore, it is associated with the highest priority 1. The . 
priorities are 1 through 4, 1 being the highest and mandatory, 
and 4 being the lowest. The priorities 2 through 4 are not 
mandatory. This means the relationship may be ignored if .it is 
so desired. This is the basis of cycle elimination for specifi- 
cations. 
2). Interactiveness relationships are dictated. by 
the need to exchange messages interactively with the ATE operator. . 
Its predecessor is a diangosis, and successor a test module, 
which is connected with the diagnosis by a logical operator 
"After" (A) or "After-not" (A-) . Thus, two precedence types 2 
and 3 are given, which correspond to the use of logical operator 
A and A -  respectively. This relationship is mandatory and 
conditional on actual selection (or non-selection) of the 
diagnosis at run time. Once the predecessor diagnosis is 
selected (or not selected), the successor test module should be 
executed next. 
3) Component protection is based on th,e principle 
that non-destructive testing can be achieved if a critical 
component is tested before other components which depend on .it 
f o r  t h e i r  normal ope ra t ion .  Hence, t h e  f a i l u r e  o f  such a  
c r i t i c a l  component w i l l  p r o h i b i t  f u r t h e r  t e s t i n g  of t hose  
dependent components. This  r e l a t i o n s h i p  i s  de r ived  from t h e  
informat ion on the  p r o t e c t i o n  f i e l d  i n  t h e  UUT Component 
F a i l u r e s  s p e c i f i c a t i o n .  This i s  mandatory and run- t ime 
c o n d i t i o n a l .  I t  i s  des igna ted  a s  type 4 ,  p r i o r i t y  1. 
4 )  Fau l t  i s o l a t i o n  s t r a t e g y  schedules  t e s t s  i n  
a  top-down fa sh ion  us ing  component subse t  r e l a t i o n s h i p s .  
The more gene r i c  f a u l t  i s o l a t i o n  t e s t s  a r e  scheduled f i r s t  . 
The lower l e v e l ,  more s p e c i f i c  t e s t s  a r e  then executed o r  
skipped,  depending upon whether o r  n o t  t h e  f a i l u r e  i s  d e t e c t e d  
.I 
a t  t h e  t o p  l e v e l .  I n  t h i s  r e l a . t i onsh ip ,  t h e  predecessor  i s  
. . .  
a  d i a g n o s i s ,  D ,  and t h e  successor  i5 a  t e s t  module .whose a 
s e t  o f .  a f f e c t e d  components i s . a  subse t  of  t h e  s e t  o f  a f f e c t e d  
- components diagnosed by D.  There a r e  two precedence types  
( 5  and 6) wi th  p r i o r i t y  2 i n  t h i s  c l a s s .  I n  type  5, t h e  
d i agnos i s  D s p e c i f i e s  a  s e t  o f  a f f e c t e d  components i n  d i s -  
j unc t ion .  For i n s t a n c e ,  i f  D i s  s e l e c t e d ,  t hen  any (one o r  
more) components i n . t h e  a f f e c t e d  component l i s t  (A - o r  B - o r  C) 
may have f a i l e d .  I n  t h i s  c a s e ,  a  t e s t  module t h a t  may ' r e s u l t  
i n  d i a g n o s i s  of a  subse t  o f  t h e s e  components, s ay ,  A and/or  B ,  
i s  executed nex t  t o  i s o l a t e  t h e  f a u l t s  more s p e c i f i c a l l y .  On 
t h e  o t h e r  hand, i f  d i agnos i s  D i s  no t  s e l e c t e d ,  t hen  such a 
t e s t  module w i l l  n o t  be scheduled f o r  execut ion .  I n  type 6 ,  
t he  d i agnos i s  D s p e c i f i e s  a  s e t  of a f f e c t e d  components i n  
conjunc t ion  (e.g. A - and 3 - and C). I f  D i s  s e l e c t e d ,  t hen  it 
means t h a t  components A and B and C a r e  a l l  d e f e c t i v e .  There- 
f o r e  any t e s t  module which may r e s u l t  i n  diagnosing a  s u b s e t  
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of components, say,  A and/or B ,  w i l l  not be executed s ince  
t h e  f a u l t s  have a l ready been i s o l a t e d .  I f  D i s  not  s e l e c t e d  
and then  such a  t e s t  w i l l  be performed next t o  f u r t h e r  i d e n t i f y  
the. f a i l u r e .  Like precedence types 2 ,  3 and 4 ,  t hese  two types 
of f a u l t  i s o l a t i o n  a r e  cond i t iona l  with a  checking of t h e  pre-  
decessor  d iagnos is  a t  run time. 
5)  St imul i  app l i ca t ion  s t r a t e g y  attempt t o  make e f f i c i e n t  
use o f  s t i m u l i  i f  they a r e  a l ready appl ied t o  t h e  UUT. I t  
i s  based on t h e  as.sumption t h a t  a p p l i c a t i o n  of s t i m u l i  a r e  time- 
consuming, hence it i s  advisable  t o  perform a l l  t h e  poss ib le  
measurements, once a  s t imulus i s  ava i l ab le .  Test  modules which 
have f requen t ly  used s t i m u l i  t r i p l e t s  predecessors  t o  'modules 
which have l e s s  . . frequent  s t i m u l i  t r i p l e t s .  This r e l a t i o n s h i p  
. .  . 
. . 
i s  designa.ted a s  type 9 ,  3.  
6 )  ' F a i l u r e  l ike l ihood  i s .  based on t h e  p r i n c i p l e  t h a t  
t iming e f f i c i e n c y  i s  increased when those components which a r e  
more l i k e l y  t o  f a i l  a r e  t e s t e d  a s  e a r l y  a s  poss ib le .  Tfie 
f a i l u r e  r a t e  index f i e l d  i n  t h e  UUT Component F a i l u r e s  s p e c i f i -  
c a t i o n '  provides t h i s  information. Hence a  t e s t  module i s  a  
predecessor  t o  another  module i f  one of i t s  a f f e c t e d  components 
is more l i k e l y  t o  f a i l  than any one of the  l a t t e r s .  The 
r e l a t i o n s h i p  i s  designated a s  type 1 0 ,  p r i o r i t y  4 .  
7) In a d d i t i o n  t o  t h e  types  of r e l a t i o n s h i p s  discussed 
i n  the  above s i x  s t r a t e g i e s ,  f i v e  o t h e r  types ,  11 through 15 ,  
e x i s t  between a  t e s t  module and a  d iagnos is  which i s  s e l e c t e d  
i n  t h e  t e s t  module by the  l o g i c a l  opera tors  * ( d o n ' t - c a r e ) ,  
I (o r )  , 1 w (or -not )  , 6 (and) , and 6 ru (and-not) r e s p e c t i v e l y  . 
The p r i n c i p l e  i s  t h a t  a  d i a g n o s i s  should be i s sued  a f t e r  i t s  
predecessor  t e s t  module f i n i s h e s  execut ion .  These f i v e  t ypes  
could be combined i n t o  one s i n g l e  type,  bu t  t hey  a r e  made 
d i s t i n c t  i n  o r d e r  t o  speed up l a t e r  p roces s ing .  
These r e l a t i o n s h i p s  a r e  ob ta ined  from t h e  NOPAL s n e c i f i -  
c a t i o n  and pu t  i n t o  a  weighted adjacency ma t r ix  a s  d i scus sed  
i n  t h e  subsequent subsec t ions .  
5.393 Crea t ion  Of The Weighted Adjacency Matr ix  
The rows (and columns) of t he  .weighted adjacency m a t r i x ,  
W (corresyonding t o  t h e  d igraph  of t h e  complete NOPfi t e s t  
s p e c i f i c a t i o n )  c o n s i s t  of  t h e  names f o r  t h e  t e s t  modules, the  
d iagnoses ,  and t h e  g l o b a l  v a r i a b 1 . e ~ .  The l ayou t  of t h i s  ma t r ix  
. . 
with  a l l  p o s s i b l e  p r e c t i d e i c e  r e l a t i o n s h i p s  i s  i l l u s t r a t e d  i n  
i 
Figure  5.11. 
. 
The s t e p s  of c r e a t i n g  t h e  weighted adjacency m a t r i x  a r e  
; 
summarized i n  Algorithm 5.13. This  i s  t h e  same a s  Algorithm 5.1 
except  t h a t  t h e  ma t r ix  r e p r e s e n t s  d i f f e r e n t  s e t  of  e n t i t i t e s .  
* 
I t  f i r s t  o b t a i n s  t h e  s i z e ,  N ,  of t h e  mat r ix  a s  t h e  t o t a l  number 
of  t h e  t e s t  modules, d iagnoses ,  and g loba l  v a r i a b l e s  i n  t h e  
NOPAL s p e c i f i c a t i o n  ( s t e p  S l ) .  Then, i t  a s s i g n s  node numbers 
t o  a l l  such e n t i t i e s ,  a l l c c a t e s  t h e  ma t r ix  W ,  and f i n a l l y  
i n i t i a l i z e s  W t o  a l l  ze ros  ( s t e p s  S 2  t o  S 4 ) .  
Now a l l  types  of  precedence r e l a t i o n s h i p s  a s  l i s t e d  i n  ' 
Table 5.1 which e x i s t  i n  t h e  NOPAL t e s t  s p e c i f i c a t i o n  can be 
en t e red  i n t o  t h e  weighted adjacency ma t r ix ,  W.  I n  t h e  sub- 
s e c t i o n s  5 .3 .3 .1  through 5.3.3.6 t h i s  p rocess  i s  desc r ibed .  
TESTS'  DIAGNOSES .GLOBAL DATA 
F I G U R E  5.11 : L A Y O U T  O F  W E I G H T E D  ADJACENCY'  M A T R I X  
ALGORITHM 5.13: CREATE WEIGHTED A D J A C E N C Y  MATRIX FOR 
- I ---- 
NOPAL S P E C I F I C A T I O N  
* 
S1: /* Calculate size of the matrix W */ 
Let #=S, # D m ,  and WARS be respectively the nuder of 
test modules, the number of diagnoses, and the number of global 
variables in the whole NOPAL specification; 
- Set N = #TESTS + #DIAGS + #VARS 
S2: /* Assign node numbers */ 
Successively assign node nuben  (1 through N) to each entity 
in a;. 
Create back-and-forth lihtage pointers, so that if a no& number 
is given, then the corresponding storage entxy is readily 
akessible,  and vice versa. 
AUocate the weighted adjacency matrix, W, as an Mi matrix. 
/* Initialize W to zero */ 
Set W ( i , j )  = 0, (fir all i, j). 
Return. 
5.3.3.1 Data Determinancy Relat ionship 
Data determinancy r e l a t i o n s h i p s  ( type 1, p r i o r i t y  1)  
a r e  en tered  i n t o  t h e  weighted adjacency matr ix  W between 
a  t e s t  module de f in ing  a  global v a r i a b l e  and t h e  va r i abJe ,  
a l s o  between a  global  v a r i a b l e  and a  t e s t  module which re fe rences  
t h e  va r i ab le .  
Algorithm 5.14 shows how d a t a  determinaiicy r e l a t i o n s h i p s  
a r e  de tec ted  and entered  i n  t h e  matr ix  W .  Each t e s t  module t 
[corresponding t o  node i )  i n  the  NOPAL s p e c i f i c a t i o n  i s  examized 
f o r  the  presence of g lobal  va r i ab les  ( s t e p s  S1 t o  S5). For 
each TARGET v a r i a b l e  v (corresponding t o  node j )  i n  a  waveform 
( i . e . ,  conjunc.tion o r  a s se r t ion) ,  type 1. i s  entered  i n t o  the 
matrix W i n  row i and column j t o  i n d i c a t e  t h a t  the  tes t .module  
i s  a  predecessor mi! t h e  v a r i a b l e  a  suc'cesso.r i n  t h e  relati.011- 
sh ip  of da ta  determinancy ( s t e p  S4) . Also, f o r  each SOURCE 
'va r i ab le  (corresponding t o  node j )  i n  a  waveform or. d iagnos is  
of t h e  t e s t  module t ,  type 1 i s  entered  i n t o  W i n  row j and 
column i, ind ica t ing  t h a t  the  v a r i a b l e  i s  a  predecessor  of t 
( s t eps  SS t o  S7.2) . Fina l ly ,  f o r  each d iagnos is  ( c o r r e ~ p o n d i n ~  
t o  node i ) ,  t h e  oyera tor  response v a r i a b l e s  (corresponding t o  
node j )  a re  examined t o  determine whether o r  not  they a r e  g loba l .  
For each such global  v a r i a b l e ,  type 1 i s  entered i n t o  W i n  row i 
and column j  t o  denote t h a t  t h e  d iagnos i s  i s  the predecessor of 
the global  v a r i a b l e .  
ALGORITHM -.-I 5.14: DETECT AND ENTER DATA DETERMINANCY 
RELATIONSHIP 
SO: Designate  d a t a  determinancy r e l a t i o n s h i p  as  type  1, 
p r i o r i t y  1. 
S l :  For each t e s t  module t i n  t h e  NOPAL s p e c i f i c a t i o ~ ,  
perform s t e p s  S 2  through S 9 . 2 .  
S2:  Let  i b e  t h e  node number ass igned  t o  t h e  t e s t  
module t. 
S3: For each waveform w i n  t e s t  module t ,  perform 
s t e p s  S4 t o  S5.2. . . 
S4: /*  TARGET g loba l  v a r i a b l e s  * /  
For each g l o b a l  TARGET v a r i a b l e  v  i n  t h e  waveform w,  v 
perform s t e p s  S4. -1  t o  S 4 .  4 .  . . 
. . 
, S4.1: ~ e t  j b e  t h e  node number f o r  - t h e  v a r i a b l e  v. . 
S4.2: W(i,j.) = 1. 
~ 4 . 3 :  Enter the variable v in the GL VAR array if 
. 
- 
- 
not already in. 
34.4: If v occurs in a structure declaration enter b 
it in VINH array. (To speed up processing in 
INTSEQ. ) 
S5: /*' SOURCE g l o b a l  v a r i a b l e s  */ 
For each  g l o b a l  SOURCE v a r i a b l e  .v i n  t h e  waveform w , 
perform s t e p s  S5.1 t o  S5.4, 
S5.1: Let  j be t h e  node number f o r  t h e  
v a r i a b l e  v. 
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ALGORITHM 5.14 (cont inued)  
S 5 . 3 :  E n t e r  t h e  v a r i a b l e  v i n  t h e  GL VAR a r r a y  if n o t  
- 
a l r e a d y  i n .  
~ 5 . 4 :  I f  v occurs  i n  a s t r u c t u r e  d e c l a r a t i o n  
e n t e r  i t  i n  VINH a r r a y .  
S6: For each d i a g n o s i s  d i n  t e s t  module t ,  perform 
s t e p s  S7 t o  S9.2. 
S7: Let i b e  t h e  node number f o r  d .  
S8: For each g loba l  ( a p e r a t o r  response)  v a r i a b l e  v  
i n  d perform s t e p s  S8.1 through 58.2. 
S8.1: Let j be t h e  node number f o r  v ,  
58.2: W[i,j) = 1. 
. .  , 
S9: For each g loba l  ( o t h e r  parameters)  v a r i a b l e .  v i n  d 
perform S teps  S9.1 through S9.2. 
S9.1: Let j be  t h e  node number f o r  v ,  
S9.2: W(i , j )  = 1. 
$10: Return. 
5.3.3.2 I n t e r a c t i v e n e s s  and Logical  Operator Re l a t i onsh ip  
I n t e r a c t i v e n e s s -  r e l a t i o n s h i p s  a r e  e n t e r e d  between 
a  d i a g n o s i s  and a  t e s t  ~ .o+dlc  which a r e  connected by l o g i c a l  
o p e r a t o r  A ( t ype  2) o r  A - ( t ype  3 ) .  -The remaining l o g i c a l  
o p e r a t o r s  (*, I ,  I " ,  4 ,  4- )  a r e  used t o  e n t e r  l o g i c a l  
o p e r a t o r  r e l a t i o n s h i p s  ( t y p e s  11 through 15) between t e s t  
modules and d iagnoses  connected by t h e  r e s p e c t i v e  l o g i c a l  
o p e r a t o r s .  
Algori thm 5.15 shows t h e  procedure  t o  d e t e c t  and e n t e r  
. . 
t h e s e  r e l a t i o n s h i p s .  For each t e s t  module (corresponding t o  
node i ) ,  t h e  l o g i c - d i a g n o s i s  l i s t  i s  examined ( s t e p s  S1 t o  S5). C 
Depending on t h e  l o g i c a l  o g e r a t o r  i n  each l o g i c - d i a g n o s i s  p a i r ,  
. . 
the. cor responding  types  o f  r e l a t i o n s h i p s  a r e  e n t e r e d  between A 
t h e  t e s t  module and .  t h e  ' d i agnos i s  (corresponding t o  node j) . 
I f  t h e  0 p e r a t o r . i ~  A ( a f t e r )  o r  A N ( a f t e r - n o t ) ,  t hen  type  2 
o r  3  i s  en t e r ed  i n t o  t he  ma t r ix  W i n  row j and. column i t o  
i n d i c a t e  t h a t  t h e  d i a g n o s i s  i s  a  p r edeces so r  o f  t h e  t e s t  • 
module by t h e  i n t e r a c t i v e n e s s  r e l a t i o n s h i p .  Otherwise ,  type 
11, 1 2 ,  13 ,  14 ,  o r  15 i s  en t e r ed  i n t o  W i n  row i and column j 
accord ing  a s  t h e  o p e r a t o r  i s  *, 1 ,  I m ,  4 ,  o r  E - r e s p e c t i v e l y .  
In t h i s  c a s e ,  t h e  d i a g n o s i s  i s  a  succes so r  of  t h e  t e s t  module. 
5.3.3.3 Component P r o t e c t i o n  Re la t i onsh ips  
Component p r o t e c t i o n  r e l a t i o n s h i p s  ( t ype  4 )  may e x i s t  
between diagnoses  and t e s t  modules. Algorithm 5.16 shows how 
t h i s  r e l a t i o n s h i p  i s  en t e r ed  i n t o  t h e  ma t r ix  W .  F i r s t ,  f o r  
each a f f e c t e d  component, a  s e t  T o f  t h e  t e s t  modules which 
ALGORITHM 5.15: DETECT AND ENTER INTERACTIVENESS AND 
LOGICAL OPERATOR RELATIONSHIP 
SO: Designate  i n t e r a c t i v e n e s s  r e l a t i o n s h i p s  a s  type  2 f o r  
l o g i c a l  o p e r a t o r  A, and type  3 f o r  A . Also d e s i g n a t e  
l o g i c a l  o p e r a t o r  r e l a t i o n s h i p s  a s  t ypes  11 through 15 
f o r  l o g i c a l  opera tors .  *, 1 ,  I - . ' ,  6 ,  and 6 -  , r e s p e c t i v e l y .  
A l l  r e l a t i o n s h i p s  have p r i o r i t y  1. 
S1:  For each  t e s t  module t perform s t e p s  S2 t o  $5. 
. S2:  L e t  i be  t h e  node number f o r  t e s t  module t .  
S3:  For each ope ra to r -d i agnos i s  p a i r  (op, d) i n  
the l o g i c - d i a g n o s i s  l i s t  of t ,  perform s t e p s  S4 t o  S5. 
S 4 :  L e t  j  be t h e  node number f o r  d i a g n o s i s  d. 
SS: I f  op = ' ? I  t hen  s e t  W(j , i )  = 2 ;  
. . 
e l s e  i f  op = ' ?  t hen  s e t  W( j , i )  '= 3 ;  
e l s e  i f  W( i , j )  # 0 t hen  i s s u e  e r r o r  message: 
e l s e  i f  op = I * '  then s e t  W(i , j )  = 11; 
e l s e  i f  op = ' 1 '  then s e t  W(i , j )  = 1 2 ;  
e l s e  i f  op = I- '  t hen  s e t  W( i , j )  = 1 3 ;  
e l s e  if op = ' 6 '  then s e t  W ( i , j )  = 14;  
e l s e  i f  op = ' 6'-' then  s e t  W(i, j )  = 15;  
ALGORITHM 5.16: DETECT AND ENTER COMPONGNJT PROTECTION RELATIONSHIPS 
SO: Designate  component p r o t e c t i o n  r e l a t i o n s h i p s  a s  t y p e  4 ,  
p r i o r i t y  1. 
S1: For each a f f e c t e d  component c i n  t h e  UUT s p e c i f i c a t i o n  o f  
component f a i l u r e s ,  perform s t e p s  S2 t o  S11. 
S2: If component-protect ion l i s t  o f  c i s  n u l l  t h e n  go 
t o  S t ep  S11. 
S3: Let Tc be  t h e  s e t  of t e s t  modules which i n c l u d e  c 
as one o f  t h e  a f f e c t e d  components. 
S4: For each a f f e c t e d  component p i n  c ' s  component-pro- 
t e c t i o n  l i s t ,  perform s t e p s  S5 t o  S10. 
C 
SS: L e t  Dp be  t h e  s e t  o f  t h e  d iagnoses  which 
. . .  
i nc1ude .p  as an a f f e c t e d  component. 
a 
S6: For each  d i a g n o s i s  d in . '  Dp, perform s t e p s  
S7 t o  S10. . 
S7: Let i be  t h e  node number f o r  d i a g n o s i s  d .  
S8: F O ~  each t e s t  module t i n  Tc, perform s t e p s  S9 t o  S10. 
S9: Le t  j be  t h e  node number' f o r  t .  
S10: If W(i, j )  = 0 ,  t hen  
S e t  W ( i , j )  = 4; 
else g i v e  warning message #9. 
S11: /*  end of loop ing  f o r  each c * /  
S12: Return.  
includes i t  a s  an a'ffected component i s  obtained ( s t e p s  S1 t o  
S3). For each a f f e c t e d  component i n  t h e  component p r o t e c t i o n  
l i s t  of t h i s  a f f e c t e d  component, another  s e t  D of diagnoses,  
each of which includes the  o r i g i n a l  component a s  an a f f e c t e d  
component, i s  computed ( s t e p s  S4 t o  S5). F ina l ly ,  f o r  each 
d iagnos is  (corresponding t o  node i )  i n  the s e t  D ,  and f o r  each 
t e s t  module (corresponding t o  node j )  i n  T ,  type 4 i s  en tered  
i n t o  t h e  matrix W i n  row i and column j i n d i c a t i n g  t h a t  
the  diagnosis  precedes t h e  t e s t  module due t o  component 
p ro tec t ion  r e l a t i o n s h i p .  
5.3.3.4 Faul t  I s o l a t i o n  Relat ionship 
Faul t  i s o l a t i o n  ( i  . e . ,  component subset)  r e l a t i o n s h i p s  
a r e . d e t e c t e d  and entered i n t o  the' matrix-W between -a d iagnos is  
and a  t e s t  module whose s e t  of a f f e c t e d  components i s  a. subse t  
of t h a t  of t h e  diagn.osis. I f  t h e  d iagnos is  i d e n t i f i e s  a f f e c t e d  
components i n  d i s j u n c t i o n ,  then type 5  i s  entered.  Otherwise, i f  
it diagnoses components i n  conjunct ion,  a. type 6 
i s  entered .  
Algorithm 5.17 gives t h e  s t e p s  f o r  de tec t ing  and en te r ing  
these  r e l a t i o n s h i p s .  For each. t e s t  module t ,  a  s e t  C t  of d i s t i n c t  
a f f e c t e d  compon'ents i n  a l l  t h e  dia.gnoses of t h e  t e s t  module t 
is.computed ( s t e p s  S1 t o  S 2 ) .  Then, fo r  each d iagnos is  
(corresponding node i )  another  s e t  D of a f f e c t e d  components 
i n  t h i s  d iagnos is  i s  obtained ( s t e p s  S3 t o  S5). I f  these  
components a r e  i n  conjunct ion,  then precedence type i s  s e t  t o  6 ;  
otherwise 5 ( s t e p  S7). F i n a l l y  f o r  each t e s t  module t 
(corresponding t o  node j ) ,  i f  Ct  i s  not  empty and C t  i s  a  proper  
subset  of D ,  then the  precedence type ( p t y ~ e )  i s  en tered  i n t o  
5 - 9 4  
. 
ALGORITHM 5.17: DETECT AND ENTER FAULT ISOLATION RELATIONSHIP Q 
SO: Designate fault isolation relationships as types 5 and 6, 
. 
both with priority 2. L. 
Sl: / *  Compute affected-components set for each test module * /  
For each test module t in the NOPAL specification, perform 
step S2. 
S2: Let Ct be the set of all distinct affected components 
in all diagnoses of the test module t. 
S3: / *  Compute affected-components set for each diagnosis, 
and enter component subset relationships * /  
For each diagnosis d in the NOPAL specification, perform 
steps ~4 to SII. 
S4: Let . .  Cd be theset of.affected components' in the. di.agn0sis.d. . 
. . 
. . .  
. . 
55.: If Cd is hull, then goto S11. ,. 
S6: Let i be the node number for the diagnosis d. 
- 
S7: If d's affected components are conjunctive Then set ptype = 6; 
else set ptype = 5. 
S8: For each test module t in the NOPAL specification, perform 
steps S9 and S10. 
S9: Let j be the node number for test-module t. 
S10: If Ct is not null then if Ct is properly contained in Cd 
then set W(i,j) = ptype. 
S11: / *  end of looping. each diagnosis */ 
S12: Return. 
the matrix W i n  row i and column j t o  i n d i c a t e  t h a t  t h e  
d iagnos is  i s  a predecessor of t h e  t e s t  module. 
5.3.3.5 St imul i  Application Relat ionship 
. St imul i  a p p l i c a t i o n  r e l a t i o n s h i p s  ( type 9 )  a r e -  en tered  
i n t o  t h e  matr ix  W between t e s t  modules such t h a t  t h e  predecessor  
t e s t  module has  more f requent ly  used s t i m u l i  than t h e  successor '  
t e s t  modules, 
Algorithm 5.18 shows how these  r e l a t i o n s h i p s  a r e  de tec ted  
.and en te red  t o  t h e  matrix W.  I t  begins by t h e  counting of t h e  
occurrence s t i m u l i  t r i p l e t s  ( s t eps  S1 t o  S3.2). \The count of  
\ 
- 
t h e  occurrence (frequency) of a  s t i m u l i  t r i p l e t  i\.s t h e  t o t a l  
number of occurrences of t h i s  t r i p l e t  i n  a l l  of t h e  t e s t  
. . 
. . 
. . 
modules. Next, f o r  each t e s t  module t ,  the count of t h e  
s t i m u l i  t r i p l e t  i n  t which has t h e  h ighes t  number of occurrence 
6 
is obtained. I f  t has no s t i m u l i  t r i p l e t ,  t h e  count i s  zero 
( s t e p s  S4 t o  S5.2). F ina l ly ,  i f  f o r  any two t e s t  modules 
(corresponding t o  nodes i and j ) ,  t h e  frequency of occurrence 
of the  t r i p l e t  i n  i i s  g r e a t e r  than t h e  frequency i n  j ,  then 
type 9 is  entered  i n t o  the  matr ix  w i n  row i and co1umn.j. 
I f  the  frequency i s  l e s s ,  then type 9 i s  en tered  i n  row j and 
column i ( s t e p s  S6 t o  S11). 
5.3.5.6 F a i l u r e  Likelihood relations hi^ 
Algorithm 5.19 shows. t h e  s t e p s ' o f  de tec t ing  and e n t e r i n g  
t h e  f a i l u r e  l i k e l i h o o d  r e l a t i o n s h i p s  ( type  10) i n t o  t h e  matr ix  W. 
This  information is  obtained from t h e  f a i l u r e - i n d e x  f i e l d  of each 
a f f e c t e d  component i n  t h e  s p e c i f i c a t i o n  of UUT component 
f a i l u r e s ;  
ALGORITHM 5.18: DETECT AND ENTER STIMULUS APPLICATION 
RELATIONSHIP 
SO : Designate  s t i m u l i  a p p l i c a t i o n  r e l a t i o n s h i p  a s  
t ype  9 ,  p r i o r i t y  3. 
S1: I n i t i a l i z e  t h e  l i s t  f o r  s t i m u l i  t r i p 1 e . t ~  t o  n u l l .  
S2: For each t e s t  module t ,  perform s t e p  S3 t o  S3.2. 
. S3: For each s t i m u l i  t r i p l e t  s i n  t perform s t e p s  S3.1 t o  
53.2. 
53.1: I f  s does n o t  appear  i n  t h e  l i s t  o f  d i s t i n c t  
s t i m u l i  t r i p l e t s ,  then  add i t  t o  t h e  l i s t  and 
set i t s  f requency  count  f i e l d  t o  0 ,  
S3.2: Increment f requency count  f i e l d ' o f  s by 1. 
S4: For each t es t  module, perform s t e p s  S5 t o  SS.2. 
S5: Let i be  t h 6  node number f o r  t .  . ' . . 
S5.1: If t , c o n t a i n s  no s t i m u l i  t r i p l e t s  t hen  s e t  
INDEX(i) = 0 ,  
55.2: I f  t c o n t a i n s  a s t i m u l i  t r i p l e t  then  s e t  
I.NDEX(i) = count  o f  t h e  most f r e q u e n t  s t i m u l i  
t r i p l e t  o f  t .  
S6 : Le t  #TESTS be  t h e  t o t a l  number o f  t e s t  modules. 
S7: For i=l t o  (#TEST-l),  perform s t e p s  S8 t o  S11. 
S8': For j = ( i + l )  t o  #TESTS, perform s t e p s  S9 t o  S l l - .  
S9: I f  INDEX(i) < INDEX(j)., t h e n  s e t  w(j  , i )  = 9 e l s e  s e t  
w ( i ,  j ) = 9 .  
S10: End loops  j a n d . i .  
S l l :  Return.  
ALGORITHM 5.19: DETECT AND ENTER FAILURE LIKELIHOOD RELATIONSHIPS 
SO: Des igna te  f a i l u r e  l i k e l i h o o d  r e l a t i o n s h i p  a s  t ype  1 0 ,  
p r i o r i t y  4. 
S1: / * ,Fo r  each  t e s t  module, g e t  t h e  f a i l u r e  index  o f  t h e  
a f f e c t e d  component which ha s  lowes t  f a i l u r e  - index  i n  t h e  
t e s t  module */ 
For each  t e s t  module t ,  perform s t e p s  S2 t o  S6. 
S2: Le t  i be  t h e  node number f o r  t e s t  module t. 
S3: If a l l  t h e  a f f e c t e d  components i n  t have n o t  been a s s i g n e d  
f a i l u r e  i n d i c e s ,  then  s e t  FAIL - INDICES(i) = 0 and go t o  S6. 
S4: L e t  c b e  t h e  a f f e c t e d  component which ha s  t h e  lowes t  
f a i l u r e  index  i n  t e s t  module t .  
SS: S e t  FAIL - INDICES(i) = f a i l u r e  index  o f  c.  
. . 
- . . 
S 6 :  /*  end o f  1-ooping each. t e s t  module */ 
S7:. / *  E n t e r  t ype  10 i n t o  W ( i , j ) ,  i f  
i 
FAIL - INDICES(i) < FAIL - INDICES(j) */ 
L e t  #TESTS be t h e  t o t a l  number o f  t e s t  modules. 
I 
S8: For i=l t.o (%TESTS-1) , perform s t e p s  S9 t o  S14. 
S9: If FAIL - INDICES(i) = 0,  t h e n  go t o  S t e p  S14. 
S10: For j = ( i + l )  t o  #TESTS, perform s t e p s  ~ l l  t o  S14 
S11: If  FAIL - INDICES(j) = 0 ,  then  go t o  s t e p  S14. 
S12: I f  FAIL - INDICES(i) < FAIL - INDICES(j) t hen  i f  W ( i , j )  = 0 ,  
t h e n  s e t  W(i, j )  = l o .  
S13: If FAIL - INDICES(j) < FAIL - INDICES(i] then  i f  W(j , i ) = O ,  
t h e n  s e t  W ( ' j  , i ) = l O .  
S14: End loops  j  and i .  
S15: Return 
For each t e s t  module t h e  a lgor i thm o b t a i n s  t h e  f a i l u r e  
index of t h e  a f f e c t e d  component which has the  lowest  f a i l u r e  
index i n  t h e  t e s t  module ( s t e p s  -S1 t o  S6) . Then f o r  each 
p a i r  of  t e s t  modules (corresponding t o  nodes i and j ) ,  i f  t h e  
lowest  f a i l u r e  index of t h e  a f f e c t e d  components i n  t e s t  module 
i i s  lower than t h a t  i n  t e s t  module j ,  then  type 1 0  i s  en t e red  
i n t o  t h e  mat r ix  W i n  row i and column j  i n d i c a t i n g  t h a t  t e s t  
module i precedes j  by f a i l u r e  l i k e l i h o o d  r e l a t i o n s h i p .  
A f t e r  a l l .  types  of  precedence r e l a t i o n s h i p s  i n  t h e  NOPAL 
s p e c i f i c a t i o n  haveZbeen ob ta ined  and e n t e r e d  i n t o  t h e  weighted 
adjacency ma t r ix ,  t h e  phase of  graph c r e a t i o n  i s  complete.  I f  " 
t h e r e  are no l o g i c a l  e r r o r s . d e t e c t e d ,  t hen  t h e  Processor  c o n t i n u e s  
. . to  subsequent phases  o f  a n a l y s i s  -and code gene ra t ion .  o the rwi se ,  a 
t he  Processor  w i l l  n o t  proceed u n t i l  t h e  u se r  resubmi ts  t h e  . 
. 
NOPAL t e s t  s p e c i f i c a t i o n  a f t e r  c o r r e c t i n g  a l l  t he  e r r o r s  
i d e n t i f i e d  u n t i l  t h i s  phase.  
5.3.4 Graph P n a l y s i s  of  Adjacency Matr ix  
A t  t h i s  s t a g e ,  a l l  precedence r e l a t i o n s h i p s  have been 
e x t r a c t e d  from t h e  NOPAL s p e c i f i c a t i o n  and e n t e r e d  i n t o  t h e  
weighted adjacency mat r ix .  This mat r ix  may be p r i n t e d  o u t  a t  
. t h e  d i s c r e t i o n  of  t he  u s e r .  Figure  5 . 2  shows t h e  weighted 
adjacency mat r ix  f o r  t h e  sample t e s t  s p e c i f i c a t i o n  MINIRADIOSET 
o f  Figure  4 . 7 .  
The t a s k  of  t h i s  phase i s  t o  perform f u r t h e r  a n a l y s i s  
on t h e  weighted adjacency ma t r ix  t o  d e t e c t  p o s s i b l e  l o g i c a l  
e r r o r s .  These e r r o r s  r e l a t e  t o  t h e  incomplete,  ambiguous, o r  
i n c o n s i s t e n t  use  of  t h e  g loba l  o b j e c t s .  
This  s e c t i o n  descr ibes  the  prel iminary a n a l y s i s  of  W 
where the  more obvious e r r o r s  a re  de tec ted .  The next  s e c t i o n  
5.3.5 i s  about the  l e s s  obvious e r r o r s  due t o  c i r c u l a r  d e f i n i t i o n  
o r  use  of g lobal  o b j e c t s .  
-Two types of e r r o r s  a r e  de tec ted  during t h e  pre l iminary  
a n a l y s i s :  (1) t h e  e r r o r s  t h a t  a r i s e  between global 
v a r i a b l e s  and t e s t s  o r  diagnoses,  and ( 2 )  e r r o r s  t h a t  a r i s e  
between t e s t s  a d  diagnoses.  In t h e  f i r s t  case ,  t h e  fol lowing 
three cond i t ions  a r e  de tec ted :  (1) t h e  use of an undefined 
g lobal  v a r i a b l e ,  ' ( 2 )  t h e  d e f i n i t i o n  of a  g lobal  v a r i a b l e  more 
than once, and ( 3 )  t h e  d e f i n i t i o n  of a  global  v a r i a b l e  which 
i s  never used. The f i r s t  condi t ion  i s  an e r r o r ,  while t h e  l a s t  
. two a r e .  o,nl y warnings. . 
(1) t o  d e t e c t  an undefined global  v a r i a b l e  v  (corresponding 
t o  node i ) ,  the  e n t r i e s  I n  column i of W a r e  checked. 
If a l l  rows of column i a r e  zeros ,  then t h e  v a r i a b l e  
v has nev'er been defined,  so e r r o r  message #1 is  issue.d. 
( 2 )  t o  determine whether o r  not  a  v a r i a b l e  v  (corresponding 
t o  node i )  has been mul t ip ly  def ined ,  t h e  e n t r i e s  i n  
column i are 'checked.  If t h e r e  i s  more than one non- 
zero e n t r y ,  the  va r i ab le  v  has  been t a rge ted  more 
than once. ~ e n c e  warning message # 3  i s  issued.  
( 3 )  To d e t e c t  i f  a  global  v a r i a b l e  v  (corresponding t o  
node i )  h a s  been d e f i n e d  but never used, row i i s  
searched f o r  a l l  zero e n t r i e s .  I f  t h i s  i s  t h e  c a s e ,  
warning message # 2  is  i ssued .  
- To d e t e c t  e r r o r s  between t e s t s  and d iagnoses ,  on ly  two 
cond i t i ons  a r e  searched:  ( I )  a  t e s t  w i t h  no d i a g n o s i s ,  and 
(2) m u l t i p l e  s e l e c t i o n  of  t e s t s  by a  d i agnos i s  through t h e  
l o g i c a l  o p e r a t o r s  a f t e r  (A) and a f t e r - n o t  ( A 4 ) .  The f i r s t  
c o n d i t i o n  is  on ly  a  warning, b u t  the  second one i s  an e r r o r .  
(I] To determine i f  a  t e s t  (corresponding t o  node i )  
no d i a g n o s i s ,  a l l  e n t r i e s  i n  row i and i n  columns 
corresponding t o  diagnoses  a r e  checked. .If a l l  t h e  
e n t r i e s  a r e  z e r o s ,  then no d i agnos i s  i s  connected t o  
t h e  t e s t  module i by t h e  l o g i c a l ' o p e r a t o r s  *, 1 ,  I*, 
4 ,  8 w. Then t h e  e n t r i e s  i.n column i and i n  rows 
- 
corresponding t o  diagnoses  a r e  checked. I f  t h e r e  
. . . . 
is .  no e n t r y  o f  ' t y p e ' 2  o r  3 ,  then  t h e r e  i s  no d i a g n o s i s  
. - . a  
connected t o  t h e  . t e s t  module by  t h e  l o g i c a l  o p e r a t o r s  . A  
and A N .  I f  bo th  of  t h e  above cond i t i ons  a r e  t r u e ,  . 
t h e  t e s t  module has n o - d i a g n o s i s .  Hence warning 
message #8  i s sued .  
.I 
(2) To d e t e c t  m u l t i p l e  s e l e c t i o n  o f  t e s t s  by a  d i a g n o s i s  
(corresponding t o  node i )  through t h e  l o g i c a l  o p e r a t o r s  
A and Aw,  the  m u l t i p l e  occurrence of  e i t h e r  type  2 
o r  type  3  e n t r y  i n  row i i s  checked. I f  e i t h e r  type  2 
o r  type 3 occurs  more than once,  e r r o r  message #15 i s  
i s sued :  
. .  
This  completes t h e  p re l imina ry  a n a l y s i s '  of t h e  weighted 
adjacency mat r ix .  
5.3.5 Sequence Determination 
5.3.5.1 Subscript Processing 
In order t o  f a c i l i t a t e  sequence determination for subscripted global 
objects, an a1 ternate representation of the array graph i s  used i n  the schedul ing 
phase. Each global object ( t e s t ,  diagnosis, or variable) i s  considered to be a 
node. Each node has a subscript l i s t  attached to it. In addition, each edge in 
the array graph has a subscript expression 1 i s t  attached to i t .  There are two 
types of subscript expressions used i n  external sequencing. A Type 1 subscript 
expression i s  a simple subscript reference, such as in & DIAG1 ( I ) .  Type 1 sub- 
scr ip t  expressions appear on edges drawn from te s t s  to diagnoses and between 
global variables and other gl'obal objects. Type 2 subscript expressions appear on 
edges inserted ,by the system to  ensure that  t e s t s  and the i r  associated diagnoses 
. . . . 
w i l l  b e  placed i n  thesame loop. F O ~  each edge from an array t e s t  to  a diagnosis 
selected by the t e s t ' s  LOGIC statement, the system inserts an edge from the diag- 
nosis to t h e ' t e s t  w i t h  a Type 2 subscript expression for each subscript. 
The data structure of the node subscript 1 i s t  i s  as fol lows: 
01 node sub1 i s t  based (p  - nsubl i s t )  , 
02 next sub ptr,. 
02 nodesubid fixed bin, /*index i n  gl sub*/ 
02 idwirh fixed bin ; ./*identified with-level of loop*/ 
The data structure' for the edge and the ed9e's subscript expression l i s t  
a re  as follows: 
01 edge based (edge p t r )  
02 next edge ptr; 
02 targgt fixed bin, 
02 edge type fixed bin, 
32.dirndTf fixed bin, . . 
02 subx ptr;  /*subscript expression l i s t* /  
01 edge sub1 based (edge - sublp t r ) ,  
02 nyt subl p t r ,  
32 locgl sub$ fixed bin, /*ordinal pos of th is  sub in target*/ 
02  apr - mohe fixed bin; 
Prior t o  determination of execution sequence, consistency checks on the use of sub- 
scr ip ts  i s  performed. If a t e s t  i s  subscripted, each diagnosis referenced in the 
t e s t ' s  LOGIC statement must have t he  same subscr ip ts .  There i s  one except ion t o  
t h i s  r u l e .  I f  a d iagnosis  i s  se lec ted  w i t h  a f t e r  ( ? )  o r  a f t e r - n o t  ( ? ^ )  l o a i c ,  
then t h a t  d iagnos is  need n o t  be subscr ip ted.  However, i f  a se lec ted  d iagnos is  
i s  subscr ip ted,  i t s  s u b s c r i p t ( s )  must match t he  t e s t ' s  s u b s c r i p t ( s )  . Each 
s u b s c r i p t  express ion used i n  r e fe renc ing  a t e s t  o r  d iagnos is  must be o f  Type 1. 
I f  a subsc r i p ted  g loba l  v a r i a b l e  i s  used i n  a  t e s t ,  i t s  s u b s c r i p t  l i s t  must 
be a subset o f  t h e ' t e s t ' s  s u b s c r i p t  l i s t .  That i s ,  t h e  v a r i a b l e  must have a t  l e a s t  
t h e  same subsc r i p t s  as the  t e s t .  I t  may have more. The s u b s c r i p t  expressions f o r  
t h e  v a r i a b l e ' s  g loba l  subsc r i p t s  must be o f  Type 1. 
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5.3.6 Global Subscr ip ted  Var i ab l e s  
A. s p e c i f i c a t i o n  which uses  subsc r ip t ed  g loba l  v a r i a b l e s  
i n c o n s i s t e n t l y ,  ( i . e .  i n  some s t a t emen t s  a  v a r i a b l e  i s  
considered an a r r a y ,  and i n  o t h e r s  a  s c a l a r  o r  an a r r a y  of  
a  d i f f e r e n t  dimension) r e q u i r e s  s p e c i a l  c o n s i d e r a t i o n .  Further, 
even i f  a  u s e r  u se s  t h e  number of dimensions of a  v a r i a b l e  
c o n s i s t e n t l y ,  t h e r e  i s  a  secondary problem o f  e x t r a c t i n g  from 
t h e  s p e c i f i c a t i o n  t h e  bounds f o r  each dimension of a v a r i a b l e  
t h a t  is an a r r a y .  
When we a r e  determining t h e  number of unique g l o b a l  
v a r i a b l e s  and t h e i r  names f o r  t h e  i n t e r - t e s t  sequencing phase 
L 
of  t h e  Processor ,  we a l s o  determine whether a  g l o b a l  v a r i a b l e  
. . 
. .  . 
. . 
is  a. s c a l a r .  o r .  an  a r r a y ,  and i n  t h e  ca se  .of a n  a r ray- ,  the number . 
. . 
of dimensions-. . While we a r e  f i n d i n g  whether a  g l o b a l  va r i ab l e .  
is be ing  used a s  a  s c a l a r  o r  an a r r a y  throughout a  s p e c i f i c a t i o n ,  
we perform er ror /warn ing  checks i n  t h e  con tex t  of  u s i n g  t h e  
v a r i a b l e s  c o n s i s t e n t l y ,  i . e .  i f  a  v a r i a b l e  v  i s  used a s  a  s c a l a r  
. 
o r  a r r a y  once i n  a  s p e c i f i c a t i o n  then it should be used through- 
o u t  t he  s p e c i f i c a t i o n  i n  t h e  same way, and i n  t h e  c a s e  o f  an 
a r r a y ,  t h e  same number of dimensions should be used.  This  
p rocess  is  desc r ibed  i n  Algorithm 5.20. 
In t h e  ca se  t h a t  a  g loba l  v a r i a b l e  v  i s  an a r r a y ,  such 
t h a t  t h e  number of dimensions of v is  uniform throughout t he  
s p e c i f i c a t i o n ,  then  we wish t o  have a  method t o  determine t h e  
bound of  each  dimension-. This  i s  accomplished through ana lyz ing  
t h e  SUBSCRIPT o r  SUBS function in the specification. 
Thls function has the following simplified syntax: 
ALGoRITIM 5-29 GLOBAL VARLABLE ATTRIBUTES DETEREfINATION 
SO: I n i t i a l i z e  g l o b a l  v a r i a b l e  list, GIA-VAR, t o  n u l l ,  and iVA!!S, 
number of v a r i a b l e s  on l is t ,  t o  0,  where GL-VhR h a s  3 f i e l d s :  
ID: v a r i a b l e  i d e n t i f i e r  name, ARRAY: i f  e q u a l  t o  1 t h e n  a r r a y ,  
-
else i f  e q u a l  t o  0 then  s c a l a r ,  and - DIM#: i f  ARRAY is  set t o  I 
t hen  number of dimensions of v. 
S1: For eve ry  u s e  of a v a r i a b l e  v i n  a s p e c i f i c a t i m ,  perform s t e p s  
S2: I f  scope b i t  of v i s  marked g loba l ,  t h e a  perform ' s t e p s  S3 t o  
S10, else s k i p  t o  s t e p  SIO. 
I 
S3: I f  v i s  n o t  on g l c b a l  v a r i a b l e  l is t ,  GL-VAR, t h e n  perform 
steps S 4  t o  S4.2, e l s e  s k i p  t o  s t e p  S5. 
If v is a s c a l a r  perform s t e p  S4.1, else s k i p  t o  s t e p  S4.2. 
S4.1: ARRAY(#VARS)=O; /* v is  scalar * /  
Skip t o  s t e p  SIO. 
. . 
S4.2: ARRAY(#VARS)=l; /*v is a r r a y  * /  
DIM#(#VAPLS)=nuniber of dimensions i n  t h i s  u s e  of v. 
Skip t o  s t e p  S10. 
SS: Let  i b e  t h e  posi t i .cn of v on GL-VAR. 
Perform s t e p s  S6 t o  S10. 
S6: I f  v is  used a s  a s c a l a r  i n  t h i s  u s e  of v ,  and ARMY(i) = 0 
then s k i p  t o  s t e p  S10, e l s e  s k i p  t o  s t e p  S9. 
S7: If v is used as an a r r a y  i n  t h i s  usc of v ,  and  ARRAY(i) =1 
t hen  perform s t e p  S7.1, e l s e  s k i p  t o  s t e p  S9. 
S7.1: I f  number of d i rnens ims  i n  this u s e  of v is  e q u a l  t o  
DIM#(I) then  s k i p  t o  s t e p  S lo., else perform s t e p  S8. 
5 1 0 6  
ALGORITHM 5.20 ( c  ont inued)  
S8: ERROR: Global variablc v is used as an array but w i t h  differing 
number of dimct~sims.  I n i t i a l l y  used with DiW#(i) number of 
dimensions. (Message # 33) 
Skip t o  step Sl0.  
.. S9: ERROR: - Global variable v is used a s  an array and scalar, i t  
cannot be both. (Message # 34) 
S10: End of loop on each use of a variable v. 
S11: Return. 
< s u b s c r i p t  var iablq  = SUBSCRIPT(< parent  l i s t  >,< bound >) ... 
< parents  l i s t  > :  : - = I <  i den t i f i e ;  > [ : <  i n t e g e r  > I ,  [, < i den t i f i e r . .  
I : <  i n t e g e r > ] ] * '  
<bound > : : = < i n t ege r  > 
(where [ I *  means repea t s  0 o r  more times) 
In terms of t h e  scope of i n t e r - - t e s t  sequencing, t h i s  
funct ion  i s  t r e a t e d  a s  t h e  only veh ic le  t o  express  t h e  bounds 
on each dimension f o r  every g lobal  v a r i a b l e  a r ray .  The way 
t h i s  is r e a l i z e d  i s  de l inea ted  i n  Algorithm 5-21;. The main 
t h r u s t  of t h e  algori thm i s  t h a t ,  i f  t h e r e  e x i s t s  a  g lobal  
v a r i a b l e  t h a t  i s  an a r r a y ,  the bounds of each dimension of 
t h e  a r r a y  should be a v a i l a b l e  i n  an SUBSCRIPT funct ion  hav ing .  . 
t h i s  a r r a y . a s  a parent  name; 
Af te r  completing these  two checking procedures,  .the 
dimension and bound on each dimension f o r  every g lobal  v a r i a b l e  
i s  obtained.  This process makes e a s i e r  the  code genera t ion  
phase of t h e  processo,r, by way of t h e  f a c t  t h a t  these  checks 
f o r  t h e  cons is tency of use of  g lobal  vqr i ab les  a r e  performed 
i n  I n t e r - t e s t ,  which permits the  former phase t o  avoid the  
i s s u e  of consis tency.  
- 
ALGORITHM 5 GLOBAL SUBSCRIPTED VARIABLE BOUNDS DETERMINATION 
S1: For  each t e s t  module t i n  t h e  NOPAL s p e c i f i c a t i o n ,  perform 
s 
S t e p s  S2 t o  S9. 
S2: Foreach SUBSCRIPT f u n c t i o n  appea r s  i n  a  s imple  a s s e r t i o n  
i n  t then  perform S tep  S3, e l s e  s k i p  to. s t e p  S10. 
S3: S e t ,  PARENTS = p a r e n t  l i s t  i n  SUBSCRIPT f u n c t i o n ,  
BOUND = bound i n  SUBSCRIPT f u n c t i o n .  
S4: For each p a r e n t  i n  PARENTS, perform S teps  S5 t o  S8. 
S5: If p a r e n t  i s  a  g l o b a l  v a r i a b l e  t hen  perform s t e p  S6, e l s e  
skip t o  S t e p  S8. 
S6: If t h e  cor responding  dimension of  p a r e n t  i s  undef ined  
i n  t h e  g l o b a l  v a r i a b l e  l i s t  ( i . e .  equa l  t o  0 ) ,  t h e n  s e t  
. . it t o  BOUND,. e l s e  v e r i f y  t h a t  B.OUND. i s  e q u a l .  t o  p r i o r  . . 
. . 
. 
d e f i n i - t i o n .  I f  n o t  t hen  i s s u e  e r r o r  message # 1 2 .  
S7: I f  dimension of  p a r e n t ' d o e s ' n o t  e x i s t  a s  a  dimension o f  
a  g l o b a l  v a r i a b l e  i n  t h e  l i s t ,  t h e n  t he r e .  i s  i n c o n s i s t e n c y  
i n  t h e  u se  o f  t h e  p a r e n t  l i s t .  I s s u e  warning message R 1 .  
r 
S8: End o f  l oop  on each p a r e n t  i n  PARENTS. 
S9: End o f  l oop  on each SUBSCRIPT f u n c t i o n  i n t .  
S10 : End of l oop  on e-ach t e s t  module t: 
S11: V e r i f y  t h a t  t h e  upper  bounds f o r  each dimension of t h e  
g loba l -  v a r i a b l e s  a r e  nonzero.  I n  c a s e  t h e r e  a r e  ze ro  
e n t r i e s  i s s u e  e r r o r  me-ssage #2. 
S12: Return .  
. 5.3.7 External  Schedul i n g  
The schedul ing i s  done by  two mutual ly  recurs ive  procedures SCHEDULE - GRAPH 
and SCHEDULE-COMPONENT. Both receive as a parameter a subgraph o f  the  graph 
representa t ion  o f  the  s p e c i f i c a t i o n  and produce a schedule as a r e s u l t .  Fol lowing 
i s  a schematic desc r ip t i on  o f  t h e i r  act ions.  
5.3.7.1 ScheduleJraph 
Accepts as parameters a graph G and a nes t i ng  1 eve1 1. I t  decomposes G, 
us ing t h e  procedure STRONG i n t o  maximal s t r o n g l y  connected components G1,G2, ... ,Gn 
a l ready sor ted  according t o  t h e i r  dependency order. For each Gi i t  c a l l s  on 
SCHEDULE - COMPONENT t o  produce a schedule f o r  Giy i.e. 
S i  = SCHEDULE cOMPONENT(G~ , I )  . 
- 
r. I t  then re tu rns  the  f i n a l  schedule 
i .e., t h e  ordered l i s t  o f  t he  schedules S1 ,S2,. . .Sn . . ' 
5.3.7.2 Schedule ~omponent(G $1) 
Accepts as parameters a. graph G which i s  known. t o  be a maximal s t r o n g l y  
connected component and a nes t i ng  l e v e l  1 . For each node n. contained i n  G, we 
count how many l o c a l  subscr ip ts  have n o t  y e t  been i d e n t i f i e d  w i t h  assigned loop 
var iables.  Le t  MINFREE be the  minimum number o f  a v a i l a b l e  l o c a l  subscr ip ts  over  
a l l  the  nodes i n  G. 
I f  MINFREE = 0 and ( G I  = 1 then the  graph cons is ts  .of a simple nonrepeating 
node. The r e s u l t i n g  schedule cons i s t s  then o f ' t h i s  simple node. 
I f  MINFREE = 0 and [ G I  , 7 then t ry  t o  de le te  l o w - p r i o r i t y  edges. I f  t h i s  
can be done, c a l l  SCHEDULE - GRAPH w i t h  the  new graph. Otherwise, there  i s  an 
e r r o r  and a r e p o r t  i s  issued. The graph cannot be scheduled. 
Otherwise we t ry  t o  f i n d  a candidate i d e n t i f i c a t i o n  f o r  a loop var iable.  Such 
an i d e n t i f i c a t i o n  cons is ts  o f  a l o c a l  subsc r ip t  p o s i t i o n  P(n) f o r  each node n 
contained i n  G such t h a t  
(1 )  The P(n) l o c a l  subscr ip t  i n  node n, Ip(n) ,  i s  s t i l l  ava i lab le .  
(2) I n  any edge N( Im,* . . ,I1) -+ (Js,.. . .J1 ) where the J i  are expressions 1. 1 
* I  
i n vo l v ing  I1 ,.. . ,Im we requ i re  t h a t  J  = I  [-c] i.e., t h e p o s i t i o n c o r r e s -  p(m> p(n)  
ponding t o  the  loop va r iab le  i s  cons is ten t  i n  a l l  edges. Since i n  the  asser t ion  
o r  dependency corresponding t o  t h i s  edge the loop var iab le  i s  t o  be i d e n t i f i e d  w i t h  1 
w i t h  Ip(,,), we r e q u i r e  t h a t  I p(n) occupies the p o s i t i o n  a l l oca ted  t o  the  loop 
var iab le  i n  M. 
I f  we cannot f i n d  a  candidate i d e n t i f i c a t i o n  s a t i s f y i n f l  (1)  and ( Z ) ,  we t r y  
t o  del.ete low p r i o r i t y  edges. I f  t h i s  can be done, we c a l l  SCHEDULE - GRAPH w i t h  
the new graph. Otherwise, the graph cannot be scheduled and we i ssue .  an e r r o r  
message. 
Otherwise we se t  a l l  t h e  IDMITH f i e l d s  o f  the  l o c a l  subscr ip ts  Ip(,) f o r  
each n contained i n  N t o  1  thus n o t i n g  t h a t  these s u b s c r i p t s  have been i d e n t i f i e d .  
w i t h  the  l oop  va r iab le  a t  l e v e l  1. We a l so  remove a l l  edges o f  the  form. 
N(I,3.0*311) + (...Ip(n) - c...) f o r  c  > o 
s ince they imply dependency on values from the  previous i t e r a t i o n  o f  the  same 
l o o p .  Denoting the graph thus modi f ied by  G1 , which may have ceased t o  be s t rong ly  
connected by  the  removal of the edges, we c a l l  S = SCHEDULE - GRAPH(G~ ,&+I ) t o  
Schedule 61 . ~ e t  us denote the newly introduced loop var iab le  by vl . Then the 
schedule re turned b y  the c u r r e c t  procedure i s :  - f o r  v l  - do S - end {v l l  . 
When the  p'rogram w i l l  be generated, a l l  the subscr ip ts  whose IDWITH f i e 1  d  has 
been se t  t o  1  w i l l  be replaced b y  vl . 
5.3.7.3 Representations 
A graph i s  represented by  a 1 i s t  o f  elements o f  type GNODE, each having the  
f o l l o w i n g  f i e l d s :  
NXT - GNODE--A p o i n t e r  t o  the nex t  element i n  the  3 i s t .  
NODE - ID--The node number ( i n  t he  d i r e c t o r y )  o f  t he  element. 
SUXL--Pointer t o  a 1 i s t  o f  edges connect ing t h i s  element t o  i t s  successors. 
I n i t i a l l y  t h i s  i s  i d e n t i c a l  t o  the  SUCC-LIST 1 i s t .  But as the  process 
proceeds some o f  these edaes are removed from t h i s  1 i s t .  
A s t rongly.connected component i s  represented b y  the s t r u c t u r e  COMP having 
the  f i e l d s  : 
NXT - COMP--Pointing t o t h e  nex t  component. 
8 NODE LIST--Pointer t o  a graph which comprises the  component. 
- 
A schedule i s  a 1 i s t  o f  schedule elements each o f  which i s  e i t h e r  a node- 
, . . . 
ement o r  a for-element. 
A mode-element i s  declared as a s t r u c t u r e  NELMNT having the  . f i e l d s :  
NXT - NLMN--Pointerts %&next element i n  the schedule. 
NLMN - T Y P E - - ~ n  i n tege r ,  always equal t o  1 f o r  node elements. 
NODE#--The node number. 
A for-element i s  declared as a s t r u c t u r e  FELMNT having the f i e l d s :  
NXT - FtMN--Pointer t o  t he  nex t  element i n  the  schedule.. 
FLMN - TYPE--Always equal t o  2 ,  denoting t h i s  i s  a for-element.  
ELMNT - LIST--Pointer t o  a schedule.which i s  the  scope o f  the  for- loop.  
FOR - NAME--The node numbe.r of  the loop va r iab le  which can be a FOR - EACH.X 
and then FOR - NAME i s  the nude numberof X, o r  i t  'can be a declared 
subscr ip t .  
FOR - RANGE--The node number spec i f y i ng  the  range o f  t he  l oop  va r iab le  i n  the 
loop. 
5.3.7.4 The Main Program o f  Schedule 
- One o f  the bas ic  processes i n  the procedure i s  t h a t  o f  f i n d i n g  maximal 
s t rong ly  connected components. We f o l  low Tarjan 's a.1 gor i thm based on depth 
f i r s t  search as described i n  Aho, Hopcrof t  and Wllman's book, "The Design and 
Analysis o f  Algori thms". The main p a r t  o f  the a lgor i thm i s  the  recurs ive  pro- 
cedure SEARCHC(V) which i s  presented w i t h  a node V and i d e n t i f i e s  a l l  t he  
s t rong ly  connected components reachable from V.' I t u t i l  i zes  the  arrays 
DFNUMBER, LObJLINK which are  preset  t o  Q f o r  a1 1 nodes, the  g lobal  v a r i a b l e  
COUNT and a stack c a l l e d  STACK. I n  our  implementation we a l so  employ an ar ray  
ONSTACK which i s  p o s i t i v e  f o r  node n if i t  i s  c u r r e n t l y  on the  stack. 
STRONG(G) i s  a func t i on  which accepts a graph as a parameter and re tu rns  a 
sor ted  1 i s t  o f  i t s  s t r o n g l y  connected components. Tee procedure SCHEDULE - GRAPH 
has been described above. 
5.3.7.5 F ind inq  Strongly Cbnrleeted Components 
The main body o f  SCHEDULE s t a r t s  by cons t ruc t ing  a graph, i.e., a l i n k e d  l i s t  
of s t ruc tures  o f  t he  type GNODE represent ing the complete s p e c i f i c a t i o n .  Each 
I = 1, ..., DICTIND i s  a l l oca ted  an element s tu rc tu re  w i t h  i t s  NODE,ID f i e l d  equal 
- 
t o  I and i t s  SUXL f i e l d  p o i n t i n g  t o  a copy o f  the  l i s t  SUCC LIST(1). We a lso  se t  
- 
the ar ray  NODEP(1) t o  p o i n t  t o  the  graph's element. This i s  necessary s ince the 
edges i n  SUXL r e f e r  t o  node numbers which we should t r a n s l a t e  t o  graph's elements. 
We then c a l l  once: 
FLOWCRT = SCHEDULE - GRAPH(MAING, 1 ) 
where MAING i s  a p o i n t e r  t o  the  complete graph, 1 i s  the  i n i t i a l  l e v e l ,  and FLOWCRT 
i s  a g lobal  p o i n t e r  t o  t h e  schedule .which l a t e r  procedures use t o  r e t r i e v e  the 
schedule. 
. ALGORI TNR' 8.22': SEARCHCt Vl 
1. COUNT:  = COUNT+l, D F N U M B E R ( V )  , L ~ W L I N K ( V )  : = COUNT. 
P u t  v o n  t h e  s t a c k .  
2 .  R e p e a t  t h e  f o l l o w i n g  s u b s t e p s  f o r  e a c h  node w a d i r e c t  
d e s c e n d a n t  o f  v .  
2 . 1  If D F N U M B E R ( W ) = O  t h i s  i s  a  new node n o t  . s e a r c h e d  b e f o r e .  
W,e c a l l  SEARCHC ( w )  . and  t h e n  l e t  LOWLINK(v1 =min 
(LOWLINK(v), LOWLINK(w) ) . 
2 . 2  E l s e ,  i f  DFNUMBER(w') >o and  w i s  on  t h e  s t a c k ,  t h e n  l e t  
a LOWLINK ( v )  =min ( D F N u M B E R ( w )  , L O W ~ I N K ( V )  I . 
3 .  I f  L O W L I N K ( V ) <  D F N U M B E R ( V )  r e t u r n .  
4 4 .  E l s e ,  LOWLIN 'K(V)  = D F N U M B E R ( V )  and  t h i s  i s  a  r o o t  o f  a  s t r o n g l y  
c o n n e c t e d  component .  A l l  t h e  e l e m e n t s  (above  and  i n c l u d i n g .  v j  
Y 
on  t h e  s t a c k  a r e  s u c c e s s i v e l y  u n s t a c k e d  and  l i n k e d  t o g e t h e r  
i n t o  a  l i s t  - a  s u b g r a p h  which  i s  d e f i n e d  a s  a  cornpo.nent. 
T h i s  component  is  p l a c e d  a t  t h e  h e a d  o f  a  l i s t  o f  componen t s  
p o i n t e d  t o  by  t h e  v a r i a b l e  COMP LIST. I n  a d d i t i o n  we m a i n t a i n  
- 
a r u n n i n g  component number COMP-CNT and  s e t  t h e  a r r a y  
COMP#(W)=COMP C N T  f o r  e a c h  w i n  t h e  c u r r e n t  component .  
- 
Note t h a t  t h e  a l g o r i t h m  r e t u r n s  a  l i s t  o f  components  wh ich  
1 
a r e  o r d e r e d  c o n s i s t e n t l y  w i t h  th -e  dependency  o r d e r .  
ALGORITHM 5.23: ;STROMG(G) 
1. C l e a r  t h e  s t a c k ,  t h e  component  c o u n t ,  t h e  l i s t  o f  componen t s  
and  t h e  v a r i a b l e  c o u n t .  F o r  e a c h  vcG s e t  
2 .  F o r  e a c h  veG s u c h  t h a t  D F E J U M B E R ( V ) = O  c a l l  SEARCHC ( v )  t o  add  
t h e  componen t s  r e a c h a b l e  f r o m  v t o  t h e  t o p  o f  t h e  component  
list. 
3. D e l e t e  'from the .  g r a p h  a l l  t h e  e d g e s  which  c o n n e c t  nodes i n  
d i f f e r e n t  componen t s .  
4 .  R e t u r n  as a  r e s u l t  t h e  component  l i s t .  
ALGORITHM 5.24 1 SCHEBULE-COMPONEWT(G ,1) 
1. For each node n contained i n  G, compute the number o f  f ree  l o c a l  subscr ipts.  
These are l oca l  subscr ipts whose IDWITH = 0 which impl ies  t h a t  they have no t  
y e t  been i d e n t i f i e d  w i t h  any loop var iable.  Le t  MINFREE be the  minimal number 
o f  f ree  subscr ip ts  over a l l  n contained i n  G. 
2. I f  MINFREE = 0 and ] G I  = 1 we r e t u r n  a schedule o f  one node element conta in ing 
the  s ing le  node i n  G. E x i t .  
3.  I f  MINFREE = 0 and I G  I > 1, then t ry  t o  de le te  l o w - p r i o r i t y  edges. If t h i s  
i s  possible, c a l l  SCHEDULE - GRAPH w i t h  the new graph. Otherwise there i s  an 
e r ro r .  The message: SCHEDULE: A CYCLE DETECTED i s  p r i n t e d  and then t h e  
procedure PRINT - CYCLE i s  c a l l e d  t o  p r i n t  the  remaining cycle. Return an empty 
schedule and e x i t .  
-4. .Otherwise we have to.search f o r  candidate i d e n t i f i c a t i o n .  We. s ta r t . . by  con- ,  
. . 
. . 
. . 
s t r u c t i n g -  i n  t h e  a r r a y  stack (denoted here by S) a l i s t  o f  the graph nodes such 
t h a t  f o r  every i > 1 the node S [ i ]  has an edge incoming from some S [ j ]  , j < i . 
This i s  done by  the  fo l l ow ing  i t e r a t i v e  process: 
4.1. Le t  S [ l ]  be the f i r s t ' n o d e  i n  G. Le t  I = 1 . 
4.2. Repeat the  - f o l l o w i n g  steps as long as I < I G ) .  
4.2.1. Le t  n:=S[I]. 
4.2.2. For each descendant o f  n which i s  no t  a l ready on S, add i t  t o  S. 
4.2.3. I := I+ l ,  re tu rn  t o  4.2.1. 
5. Le t  IDF be the node S[1]. Le t  POS range over a l l  t he  f r e e  subscr ipts o f  IDF. 
Repeat steps 6-13 f o r  each a v a i l a b l e  subscr ipt .  
6. Clear POSITION f o r  a l l  nddes i n  the  graph, and then se t  POSITION [IDF]:=POS. 
7. Repeat steps 8-12 f o r  I = l  t o  ] G I .  
8. Let  n:=S[I], POST=POSITION(n) and consider each edge from node n  t o  any o ther  
node t. 
1 . I - n(E s,..., ) 
Consider t he  subscr ip t  expression EpOSJ which corresponds t o  the  i d e n t i f i e d  
p o s i t i o n  i n  n. 
9. I f  EPOSJ i s  no t  a  simple expression ( I j [ - c ] )  o r  i f  the  subsc r ip t  i s  reduced 
then POSJ cannot be i d e n t i f i e d  w i t h ' a  loop var iab le  . f o r  the  s t rong ly  connected 
component, e x i t  t o  s tep  14 t o  consider the  nex t  value o f  POS. 
10. I f  EpOSJ = I j [ - c ]  f o r  some A < j - < ni, check i f  POSITION [t] > 9 . I f  
POSITION [t] > 0  and POSITION [t] # j there  i s  a  c o n f l i c t i n g  i d e n t i f i c a t i o n  
i n  the  subscr ip ts  o f  t. E x i t  t o  Step 14. \ ; 
\ 
i 
11. I f  POSITION [t] = 0  s e t  POSITION [ t ] := j .  i 
12. Return t o  s tep  8  fo r  the  next  I. 
13. A r r i v i n g  here &ans t h a t  a  complete i d e n t i f i c a t i o n  was success fu l l y  performed. 
Go t o  s tep  16. 
14. The i d e n t i f i c a t i o n  s t a r t i n g  w i t h  p o s i t i o n  POS f o r  node IDF has f a i l e d .  I f  
another free. subsc r ip t  $or IDF i s  a v a i l a b l e  s e t  POS t o  i t  and r e t u r n  t o  s tep  6. 
15. A r r i v i n g  here means t h a t  no i d e n t i f i c a t i o n  i s  possible. Try t o  de le te  low- - 
. p r i o r i t y  edges. I f  t h i s  i s  possible, c a l l  SCHEDULE - GRAPH w i t h  the new graph. 
Otherwise, the  message, "SCHEDULE: NO CANDIDATE SUBSCRIPT IN CYCLE" i s  pr in ted,  
fo l lowed by a  1  i s t  o f  the  nodes i n  the  graph. Return the empty schedule and e x i t .  
16. A  successful  i d e n t i f i c a t i o n !  We proceed t o  determine name and ranae f o r  the 
loop va r iab le  and t o  de le te  edues which are  o f  the form 
A(, . . . Ipy.. .yI1) + B(,...I -c,...) P  
where p  i s  the  i d e n t i f i e d  p o s i t i o n  o f  A. 
17. A l l oca te  a  for-element f o r  t he  schedule w i t h  empty FOR - RANGE, FOR - NAME f i e l d s .  
f 
18. Scan each node i n  the  graph, n contained i n  G. Le t  p=POSITION[n]. - 
19; Examine t h e  l o c a l  subsc r ip t  I . Set i t s  IDWITH f i e l d  t o  1, the l e v e l  parameter. 
P I 
I f  Ip has a  range.and FOR RANGE i s  empty y e t  s e t  FOR-RANGE t o  t h e  range o f  I * 
- P' 
20. If FOR - RANGE has previous value which i s  d i f f e r e n t  than the range i f  Ip, p r i n t  
the f o l l o w i n g  warning message: 
SCHEDULE: A RANGE CONFLICT I N  NODE node-name BETWEEN THE ALREADY 
ASSIGNED RANGE: rangel AND THE NEWLY IMPLIED RANGE: ranae2 
"node name" i s  the  name o f  node n. 
- 
"rangel" and "ranae2" are respec t i ve l y  node names whose range i s  assumed by 
the loop va r iab le  and the  l o c a l  subsc r ip t  Ip. 
21. I f  Ip has a range and FOR - NAME i s  empty y e t  assign t o  FOR - NAME the  name' associated 
w i t h  I . 
P 
22. Delete from the  graph any edge o f  t he  form 
where Ep i s  o f  t he  form Ik - c f o r  some k and c . 0. These correspond t o  depen- 
dencies on values. created .during the  previous i t e r a t i o n  and hence should be 
. . 
ignored. . 
23. Repeat steps 18 t o  22 f o r  a l l  nodes i n  t he  graph. 
24. Cal l  SCHEDULE - GRAPH (G,k+1) t o  f u r t h e r  schedule the component. Set the . f i e 1  d 
ELMNT - LIST o f  the for-element t o  the schedule re turned by SCHEDULE - GRAPH. 
Return as a r e s u l t  the  for-element. 
The f o l l o w i n g  subprocedures a re  def ined w i t h  SCHEDULE - COMPONENT: 
PRINT - CYCLE: P r i n t s  the  names o f  a l l  t he  nodes i n  the cu r ren t  component. 
CONCATENATE (A,B): Concatenate the  l i s t  B t o  the end o f  the l i s t  A. A and B 
a r e  po in te rs  t o  general 1 i s t s .  
FREE - PPAIR - LIST (LIST): Frees the  space a l l oca ted  t o  a l i s t  o f  PPAIR s t ruc tu res  
po in ted  t o  by LIST. 
5.3.8 F lowchar t  Report 
To g i v e  an o v e r a l l  view o f  t h e  ske le ton  of t he  main r o u t i n e  t o  b.e aenerated, 
* 
a  f l owcha r t  r e p o r t  i s  prepared. The f l owcha r t  r e p o r t  has t he  f o l l o w i n a  s i x  sec t ions :  
( 1  ) d e c l a r a t i o n  o f  g loba l  va r iab les ,  ( 2 )  d e c l a r a t i o n  o f  eva lua t i on  and c o n t r o l  
func t ions ,  ( 3 )  d e c l a r a t i o n  o f  s t imu lus  func t ions ,  ( 4 )  d e c l a r a t i o n  o f  measurement 
func t ions ,  ( 5 )  d e c l a r a t i o n  o f  f a i l u r e  func t ions ,  and ( 6 )  c a l l i n g  sequence o f  the 
t e s t  modules. The t e s t  module c a l l s  a r e  1 i s t e d  accord ing t o  t h e i r  ranks which a re  
i d e n t i f i e d  through comments "/*EXECUTE LEVEL n*/". Sometimes, t h e r e  w i l l  be severa l  
t e s t  module c a l l s  a t  t h e  same l e v e l .  Th is  i n d i c a t e s  t h a t  t he  execu t ion  sequence 
o f  t e s t s  can be chosen a r b i t r a r i l y .  Loops around a r r a y  t e s t s  and t h e i r  assoc ia ted  
diagnoses a re  ind ica ted .  To s i m p l i f y  t he  f l o w c h a r t  r e p o r t ,  the  c o n t r o l  l o g i c  
@ 
preceeding each t e s t  module c a l l  i s  omi t ted.  Such de ta i l - s  can be found i n  t he  
The f l o w c h a r t  r e p o r t  - f o r  the  r a d i o s e t  example i s  g iven  i n  F iaure  5.14. The 
f i r s t  t e s t  t o  be performed i s  DC-INPUT. A t  t h e  nex t  l e v e l  FREQ (rank 2), then I 
AMPL ( rank  4)  a re  perfornied. A t  rank 5, t h e r e  a r e  two poss ib l e  t e s t s  (DISTORT - 2w 
and DISTORT - VOLT). Any one o f  t h e  two can be executed f i r s t .  F i n a l l y ,  DISTORT - l O M V  
- 
i s  performed. Th is  completes t he  f l owcha r t  r e p o r t  f rom inter-sequence ana lys is .  
r L O u c n l R T  REPORT TOR N O P l L  S ? E C X F l C A T X C I  R l lQXRADfOSET 
I***** TLOYCWART TOR CLOBAL ?RO,CLDUffE R l W l R A D l O S L T  *****I 
, . 
DECLARE AS GLOBAL VARXABLES: 
v1; 
~ C C L A I E  A S  E V A L  O R  CONTROL ~ U U C T I O N S ~  , 
I *  NO ( V A L  OR CONTROL FUNCTIONf  * /  
I* tXCCUTE L E V E L  0 * I  
PE f i F G R M  TEST bC-INPUT; 
I *  L X t C U T E  L E V E L  S ./ 
P E K f 5 P A  TEST 01  S!OR'I-ZW; 
PE W O R E  T E S T  DISTORT,VOLTJ 
FIGURE 5 : 14: FLOWCHART REPORT. OF THE INTER-TEST MODULE 
SEQUENCING' FOR THE MINIRADIOSET SPECIFICATION 
CHAPTER 6 
CODE G E N E R A T I O N  
6.1 Overview 
g e n e r a t i o n  p h a s e  o f  t h e  NOPAL p r o c e s s o r  a c c e p t s  t h e  
I I w e i g h t e d  a d j a c e n c y  m a t r i x ,  t h e  o r d e r  v e c t o r  and s e v e r a l  o t h e r  
pfl d a t a  s t r u c t u r e s  from t h e  s e q u e n c i n g  p h a s e ;  and p r o d u c e s  a  c o m p l e t e  A jpw o b j e c t  program i n  ATLAS. The code  g e n e r a t i o n  t a k e s  p l a c e  i n  3 3.7 
s t a g e s  i l l u s t r a t e d  i n  F i g u r e s  H a n d  
s t a g e  1: D e c l a r a t i o n s  and d i a g n o s e s  g e n e r a t i o n  s t a g e .  
S t a g e  2: I n t r a - t e s t  code  g e n e r a t i o n  s t a g e .  
S t a g e  3: I n t e r - t e s t  code g e n e r a t i o n  s t a g e .  . , 
. . I n  s t a g e .  t h e ,  p r o c e d u r e  C D E M A I N  ( c a l l e d  f rom'  EXTSEQ) .  . 
1 
. . 
g e n e r a t e s  d e . c l a r a t i o n s  f o r  t h e  ' sy s t em d e f i n e d - a n d  t h e  u s e r  d e f i n e d  
g l o b a l  v a r i a b l e s ,  d e c l a r a ' t i o n s  f o r  th.e c o n n e c t i o n  p o i n t s ,  and t h e  • 
p r o c e d u r e  d e f i n i t i o n s  f o r  e a c h  of  t h e  d i a g n o s e s  i n  t h e  NOPAL 
s p e c i f i c a t i o n .  
I n  s t a g e  2 t h e  p r o c e d u r e  CDETEST ( c a l l e d  f rom INTSEQ f o r  
. e a c h  o f  t h e  t e s t  modules )  g e n e r a t e s  p r o c e d u r e  d e f i n i t i o n s  f o r  t h e  
test modules .  The p r o c e d u r e  d e f i n i t i o n  f o r  each  o f  t h e  t e s t  
modules  . c o n t a i n s  code  f o r  waveforms and  a s s e r t i o n s  i n  t h e  t e s t  
module ( i n  t h e  o r d e r  d e t e r m i n e d  b y  INTSEQ) , and t h e n  l o g i c  f o r  
s e l e c t i n g  t h e  d i a g n o s i s  (by  means o f  c a l l s  on d i a g n o s i s  p r o c e d u r e s ) .  
. F i n a l l y ,  i n  s t a g e  3', TRMNATE ( . c a l l e d . f r o m  SEQANAL) g e n e r a t e s  
t h e  code  f o r  p e r f o r m i n g  t e s t s  i . e .  code  f o r  c a l l s  o n  t h e  t e s t  
module p r o c e d u r e s .  TRMNATE a l s o  g e n e r a t e s  t h e  t e r m i n a t i o n  code  v 
* 
f o r  t h e  ATLAS program. u ~ l y  lor t h e  m a ~ R  
- - .Q-&&-. ka-ve-.=m~Iy-me -&  ~-m, -p -e l ; -  km- ‘. 
- 
t h i s  ' 
SEQANAL 
EXTSEQ I N T S E Q  
GENERATION 
CDEMAIN 
I N I T I A L  P O S T  - ' GENWAVE I I INVOKE I 
I I 
f 
I S K I P  
STAGE 1 I STAGE 2 I STAGE 3 
(DECLARATIONS & DIAGNOSES ' ( INTRA-TEST I ( INTER-TEST STAGE) 
GENERATION STAGE) I STAGE) I 
---------- -1,- -,,- L,, ,, 
CONVERT 
3 .'-7 
F I G U R E  W: PROGRAM CALLING STRUCTURE 
( P R I N C I P A L L Y  SHOWING CODE GENERATION)  
LEGEND : 
1 .  A --FP B : m e a n s  that proc.  
A MAKES MULTIPLE CALLS ON B 
2 .  A - p B : m e a n s  A m a k e s  a 
single call on B -  
1 H E A D E R  O F  T H E  E Q U A T E - A T L A S  PROGRAM 
I D E N T I F I C A T I O N  
T E S T  MODULE NAME V S .  A T L A S  S U B S C R I P T  
D E C L A R A T I O N  O F  S Y S T E M  D E F I N E D . V A R I A B L E S  
rl D E F I N I T I O N S  O F  C O N S T A N T S  
W 
C3 
R 
B 
U U T  P O I N T  D E F I N I T I O N S  
, . 
D E C L A R A T I O N  O F  U S E R  D E F I N E D  G L O B A L  V A R I A B L E S  
. . 
U S E R  D E F I N E D  A T E  F U N C T I O N S  
D I A G N O S I S  P R O C E D U R E S  
W' 
C3 
R T E S T  MODULE P R O C E D U R E S  
n 
h 
0 S Y S T E M  V A R I A B L E  I N I T I A L I Z A T I O N  & F I R S T  
E N T R Y  P O I N T  
rl 
a 
0 
C O N T R O L  F O R  C A L L I N G  ON T E S T  MODULE P R O C E D U R E S  8.2 
2 i! 
T E R M I N A T E  PROGRAM. 
3,8 
F I G U R E  642: L A Y O U T  O F  T H E  A T L A S  PROGRAM G E N E R A T E D  BY 
T H E  C O D E  G E N E R A T I O N  
The above  t h r e e  s t a g e s  a r e  d e s c r i b e d  i n  S e c t i o n s  6 . 2  
t h r o u g h  6 .4 .  The f o l l o w i n g  f o r m a t  i s  a d h e r e d  t o  i n  d e s c r i b i n g  
t h e  p r o c e d u r e s  i n  t h e  above  s t a g e s :  
' - Name o f  t h e  p r o c e d u r e ,  
- D e s c r i p t i o n  o f  wha t  i t  d o e s .  
- D e s c r i p t i o n  o f  d a t a  s t r u c t u r e s  p a s s e d  t o  i t  a s  e x t e r n a l  
v a r i a b l e s  i n  PL/I .  
- The a l g o r i t h m ,  namely how t h e  p r o c e d u r e  a c c o m p l i s h e s  
what  i t  is  supposed  t o  do .  
T h e r e  a r e  a  number o f  s u p p o r t  r o u t i n e s  which a r e  u s e d  
j o i n t l y  by  a l l  o f  t h e  above  t h r e e  s t a g e s .  They a r e  d e s c r i b e d  
s e p a r a t e l y  i n  S e c t i o n  6 .5 .  These  s u p p o r t  r o u t i n e s  a r e  c o n t a i n e d  
.as e n t r y  p o i n t s  . i n  . t h e  p r o c e d u r e s :  ATLASIO and  CONVERT 
The f o r m e r  c o n t a i n s  r o u t i n e s  which r e a d  and  w r i t e  i n t o  t h e  
f i l e s  c o n t a i n i n g  t h e  ATLAS code .  These  r o u t i n e s  o u t p u t  o n e  . 
l i n e  a t  a  t ime  t o  t h e  ATLAS o u t p u t  f i l e s .  They k e e p  t r a c k  o f  
s t a t e m e n t  numbers i n  t h e  ATLAS c o d e  a n d  a l s o  a l l o w  f o r w a r d  GOT0 
s t a t e m e n t s .  The procedurecoNVERT contains routines for 
d o i n g  m i s c e l l a n e o u s  t a s k s  such  a s  c h a r a c t e r  t o  number c o n v e r s i o n ;  
NOPAL i d e n t i f i e r  name t o  ATLAS i d e n t i f i e r  name c o n v e r s i o n ,  e t c ,  
6 . 2  D e c l a r a t i o n s  and D i a g n o s i s  G e n e r a t i o n  S t a g e  ( S t a g e  1) : 
I n  t h i s  s t a g e ,  d e c l a r a t i o n s  i n  ATLAS a r e  g e n e r a t e d  f o r  
t h e  u s e r  d e f i n e d  g l o b a l  v a r i a b l e s ,  s y s t e m  v a r i a b l e s  (see  
F i g u r e  6 .3)  and UUT c o n n e c t i n g  p o i n t s .  System v a r i a b l e s  a r e  
u s e d  t o  h o l d  t empora ry  r e s u l t s ,  t o  p a s s  r e s u l t  o f  t e s t  modules ,  
t o  k e e p  s t a t u s  f o r  e a c h  d i a g n o s i s  and t e s t  module e t c .  A l so  
p r o c e d u r e s  a r e  g e n e r a t e d  c o r r e s p o n d i n g  t o  each  o n e  o f  t h e  
d i a g n o s e s  i n  t h e  NOEAL s p e c i f i c a t i o n .  
F o u r  p r o c e d u r e s  a r e  u sed  t o  do a l l  o f  t h e  above:  C D E M A I N ,  
INITIAL, POSTDIAG and GENMSG. C D E M A I N  ' g e n e r a t e s  t h e  b e g i n n i n g  
o f  t h e  ATLAS program and d e c l a r a t i o n s  o f  t h e  u s e r  d e f i n e d  g l o b a l  + 
v a r i a b l e s .  I t  ' c a l l s  INITIAL t o  g e n e r a t e  d e c l a r a t i o n s  f o r  s y s t e m  
. . .  . - 
v q r i a b l e s ,  conn:ec t ion  p o i n t s  e t c .  . '  Then f o r  e a c h  o f  t h e  d i a g n o s e s ,  a 
it c a l l s  POSTDIAG (which.  i n .  t u r n  c - a l l s  GENMSG) t o  g e - n e r a t e  
p r o c e d u r e  d e f i n i t i o n  f o r  e a c h  d i a g n o s i s .  The above  p r o c e d u r e s  
a r e  d e s c r i b e d  i n  g r e a t e r  d e t a i l  below.  
I n  g e n e r a t i n g  t h e  s y o t e n  v a r i a b l e s  and v a r i a b l e s  c o r r e s ? o n d i n g  
t o  t h e  u s e r  d e f i n e d  v a r i a b l e s ,  d i a g n o s i s  and U U T  p o i n t  names we s u f -  
f i x  them w i t h  ' . '  fo l lowed  by t h e  name of t h e  module.  T h i s  i s  
. done t o  g e n e r a t e  u n i q u e  names i n  t h e  programs g e n e r a t e d  f o r  
d i f f e r e n t  modules b e c a s u e  l a t e r  on t h e y  w i l l  s imp ly  b e  p u t  
t o g e t h e r  t o  g e n e r a t e  t h e  t o t a l  A t l a s  program. T h i s  became 
n e c e s s a r y  because  t h e  Equate  A t l a s  System d o e s  n o t  have 
l i n k e r .  
- 
The g e n e r a t e d  d i a g n o s i s  p r o c e d u r e  h a s  t h e  f o l l o w i n g  f u n c t i o n  
t o  p e r f o r m :  It f i r s t  d e c r e m e n t s  a  c o u n t e r  which i n i t i a l l y  c o n t a i n s  
t h e  number o f  t es t  modules  i n  c o n j u n c t i o n  f o r  t h a t  d i a g n o s i s .  If 
t h e  v a l u e  o f  t h e  c o u n t e r  becomes l e s s  t h a n  1, t h e  a c t u a l  d i a g n o s i s  
is pe r fo rmed .  T h i s  n o r m a l l y  c o n s i s t s  o f  s e n d i n g  a  message  o n  
o p e r a t o r  c o n s o l e  and w a i t i n g  f o r  a p p r o p r i a t e  r e s p o n s e .  
6 . 2 . 1  CDEMAIN: 
The f u n c t i o n  o f  CDEMAIN h a s  a l r e a d y  b e e n  d e s c r i b e d  above .  
. W e  d e s c r i b e  how i t  i s  accompl i shed  be low,  i n  A l g o r i t h m  6 .1 .  
Data  s t r u c t u r e s  t o  C E D M A I N  ( a s  EXTERNAL v a r i a b l e s  i n  P L / l ) :  
f 
The a s s o c i a t i v e  memory. . 
W(*,*) -- a d j a c e n c y  m a t r i x  from EXTSEQ. 
ORDER(*) o r d e r  v e c t o r  f rom EXTSEQ. 
R A N K ( * )  r a n k  v e c t o r  f rom EXTSEQ 
TEST-PTR(*) p o i n t e r  a r r a y  whose @ n t r i e s  p o i n t  t o  t h e  
s t o r a g e  e n t r i e s  o f  t h e  d i a g n o s e s .  
G L  - VAR(*) s t r u c t u r e  a r r a y  c o n t a i n i n g  i n f o r m a t i o n  a b o u t  
all t h e  g l o b a l  v a r i a b l e s .  
#TESTS s i z e  o f  TEST-PTR a r r a y .  
#DIAGS s i z e  o f  DIAG-PTR a r r a y  
#VARS s i z e  o f  GL-VAR s t r u c t u r e  a r r a y .  I, 
#SIZE . s.izk o f  W m a t r i x  ( ~ q u a l  .t6 th 'e  sum o f  #TESTS, L 
PDIAGS and #VARS) 
a 
SPECNAME c o n t a i n s  t h e  name o f  t h e  module. 
ITISMOD True if .it is n o t  t h e  main module. 
1 
. There  i s  a c o r r e s p o n d e n c e  be tween  e n t r x e s  i n  TEST-PTR, 
D I A G  PTR and GL VAR a r r a y s  on one  hand ,  and t h e  e n t r i e s  i n  
- - 
a d j a c e n c y  m a t r i x  W ( * , * )  on t h e  o t h e r :  
TEST P T R ( . ~ )  c o r r e s p o n d s  t o  i t h  e n t r y  i n  W. 
- 
D I A G  PTR(i )  c o r r e s p o n d s  t o  (#TEST+i) th e n t r y  i n  W. 
- 
GL VAR( $1 . c o r r e s p o n d s  t o  (#TESTS+DIAGS+~) th .  i n  W. 
- 
6-6A 
D a t a  s tructures  p r o d u c e d  by C E D M A I N :  
TSPECNAME c o n t a i n s  the  n a m e  of the module after 
i t  h a s  b e e n  passed through C O N V I D .  
(CONVID m a k e s  i t  s u i t a b l e  for  A T L A S ) .  
DIAGNAME( * )  produced b y  I N I T I A L .  e n t r y  c o n t a i n s  t h e  
name of  t h e  d i a g n o s i s  ( c o r r e s p o n d i n g  t o  
DIAG - P T R ( * )  1.  
ALGORITHM 6.1 : C D E M A I N :  
1: G e n e r a t e  h e a d e r  f o r  ' t h e  ATLAS proyram (name ly ,  ' B E G I N  EQUATE 
PROGRAM<module name>' ) i f  ITISMOD i s  f a l s e .  
2 :  C a l l  INITIAL t o  g e n e r a t e  d e c l a r a t i o n s  of  s y s t e m  v a r i a b l e s  e t c .  
3: For  each  o f  t h e  v a r i a b l e s  g i v e n  by  e a c h  o f  t h e  e n t r i e s  i n  
GL - VAR(*) do  t h e  f o l l o w i n g  
i) C o n v e r t  NOPAL i d e n t i f i e r  t o  ATLAS i d e n t i f i e r  b y  u s i n g  
p r o c  C O N V I D  ( d e s c r i b e d  l a t e r ) .  
ii) G e t  i t s  s u b s c r i p t s  i f  any .  
7 . .  
iii) G e n e r a t e  t h e  ATLAS d e c l a r a t i o n .  
For qualified va r i ab l e s (5 . e .  P r e f i x ,  I . ' .  s u f f i x )  gene ra t e  
d e c l a r a t i o n  f o r  s u f f i x  wi th  . an a d d i t i o n a l  dimensibn. i n  t h e  
4 :  D e f i n e  s y s t e m  u t i l i t y  r o u t i n e s  f o r  r e a d i n g  t i m e  from- t h e  
c l o c k  i n  EQUATE-ATLAS. 
5: R e s o l v e  t h e  ATE f u n c t i o n s  r e f e r e n c e d  i n  t h e  NOPAL s p e c i f i c a t i o n  
and copy  from t h e  l i b r a r y  FUNCLIB i n t o  t h e  ATLASPROC f i l e .  
6: For  e a c h  of  t h e  d i a g n o s i s  gQven by  e n t r i e s  i n  t h e  DIAG-PTR(*) 
I s s u e  a c a l l  t o  p r o c e d u r e  POSTDIAG. ( T h i s  p r o c e d u r e  g e n e r a t e s  
a n  ATLAS p r o c e d u r e  f o r  t h e  d e s i r e d  d i a g n o s i s ) .  
7: R e t u r n .  
V A R I A B L E  
'SYS . #TESTS' 
'SYS-TESTED' 
'SYS.NOT TESTED* 
' SYS .SKIPPED ' 
6 - 8  
TYPE 
-
c o n s t a n t  
c o n s t a n t  
c o n s t a n t  
c o n s t a n t  
d i g i t a l  
REMARKS 
I t  i s  s e t  e q u a l  t o  t h e  
number o f  t e s t  modu le s .  
I t  i s  s e t  e q u a l  t o  t h e  
member o f  d i a g n o s e s .  
F l a g s .  W i l l  b e  u s e d  t o  
d e n o t e  t h e  s t a t u s  o f  
d i a g n o s e s .  
F l a g s .  W i l l  b e  u s e d  t o  
d e n o t e  t h e  s t a t u s  o f  t e s t  . 
modules .  
Deno te s  w h e t h e r  t h e  I t h  
d i a g n o s i s  h a s  b e e n  s e l e c t e d  
o r  n o t .  I t a k e s  v a 1 u . e ~  
f rom I t o  'SYS.#DIAGS1. 
d i g i t a l  Deno te s  w h e t h e r  t h e  I t h  
t es t  h a s  b e e n  t e s t e d ,  n o t  
t e s t e d  o r  s k i p p e d .  . I  t a k e s  
v a l u e s  f rom 1 t o  'SYS .#TESTS ' 
- .  . . .. . 
. . 
d i g i t a l  Deno te s  whether t h e  outcome 
o f .  t h e  l a s t  s s s e r t i o n  i s  t r u e .  
u e n o c e s  w n e t h e r  t h e  ou tcome 
o f  t h e  l a s t  t e s t  i s  t r u e  
o r  f a l s e .  I t  i s  u s e d  f o r  
s e l e c t i n g  t h e  d i a g n o s i s .  
d i g i t a l  Used for s t o r i n g  t h e  
o p e r a t o r  ' r e s p o n s e  i n  a 
d i a g n o s i s .  
d e c i m a l  I t  i s  i n i t i a l i z e d  t o  h o l d  
t h e  number o f  t e s t  modules  
i n  c o n j u n c t i o n  f o r  t h e  I t h  
d i a g n o s i s .  Dur ing  t h e  
e x e c u t i o n  i t  g e t s  d e c r e m e n t € <  
e a c h  t i m e  t h e  I t h  d i a g n o s i s  
i s  s e l e c t e d .  I t a k e s  v a l u e s  
f r o m  1 t o  'SYS .#DIAGS1. 
FIGURE 6 .3 :  LIST O F  SYSTEM VARIABLES USED B Y  THE OBJECT 
PROGRAM 
VARIABLE 
'SYS-TIM' 
TYPE 
' d e c i m a l  
d e c i m a l  
d e c i m a l  
digital 
d e c i m a l  
d e c i m a l .  
d e c i m a l  
REMARKS 
. 
Time ( v a l u e  i n  s e c o n d s )  
a s  r e a d  f rom s y s t e m  
c l o c k  a t  t h e  s t a r t  o f  
ATLAS program.  
E v e r y t i m e  a  t e s t  module  
e x e c u t i o n  i s  begun  
t i m e  ( i n  s e c o n d s )  i s  
r e a d  f rom s y s t e m  c l o c k  
and t h e  v a l u e  i s  s t o r e d  
i n  'SYS.S-TIME'. 
Used t o  h o l d  t e m p o r a r y  
r e s u l t s .  xx i s  a  two 
d i g i t  number 
. . 
1 
Used f o r  s t o r i n g  t h e  v a l u e  
r e a d  f rom t h e  s y s t e m  c l o c k ,  
The v a l u e  i n  'SYS.CLOCK'(*) " 
is  c o n v e r t e d  fzo s e c o n d s  
and  s t o r e d  i n  'SYS.TIME1. 
F o r  modules .  I t  w i l l  b e  
i n c r e m e n t e d  e a c h  t i m e  a  
modfun i s  c a l l e d .  I t  p r o -  
duces  a  new v a l u e ,  which 
c o r r e s p o n d s  t o  a  new v a r i a b l e  
of t h e  a b s t r a c t  dat 'a  t y p e .  
FIGURE 6.3 ( c o n t i n u e d )  
6 . 2 . 2  . I N I T I A L :  
T h i s  p rocedure  g e n e r a t e s  t h e  d e c l a r a t i o n s  i n  A T L A S  of 
s y s t e m  d e f i n e d  g l o b a l  v a r i a b l e s  and U U T  p o i n t s  i n  t h e  A T L A S  
o b j e c t  code. I t  a l s o  genera tes  a t a b l e  of t e s t  m o d u l e s  and 
diagnoses  and s o m e  c o m m e n t s .  
D a t a  s t r u c t u r e s  passed t o  I N I T I A L :  
The a s s o c i a t i v e  m e m o r y ,  of cou r se ,  
T E S ' T  P T R ( * )  d e sc r ibed  i n  C D E M A I N  
- 
D I A G  - P T R ( * )  descr ibed  i n  C E D M A I N  
# T E S T S  descr ibed  i n  C D E M A I N  
#DIAGS descr ibed i n  C D E M A I N  
, 
T S P E C N A M E  desc r ibed  i n  C D E M A I N  
D a t a  s t r uc tu r e s  produced b y  I N I T I A L :  
D I A G N A M E ( * )  d e sc r ibed  i n  C D E M A I N  
6 . 2 . 3  P O S T D I A G :  
T h i s  p rocedure  i s  c a l l e d  w i t h  a r g u m e n t  I such t h a t  
D I A G  - P T R ( 1 )  p o k n t s  t o  t h e  s t o r a g e  e n t r y  of  a d i a g n o s i s ;  and  
it produces a procedure  i n  A T L A S  f o r  t h e  d i a g n o s i s .  
D a t a  s t r u c t u r e s  passea  t o  P O S T D I A G :  
T h e  a s s o c i a t i v e  m e m o r y .  
D I A G  - P T R ( * )  descr ibed  i n .  C D E M A I N  
D I A G  - N A M E ( * )  d e sc r ibed  i n  C D E M A I N .  
#DIAGS described i n  C D E M A I N  
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i 
ALGORITHM 6 . 2 :  I N I T I A L  : 
1 s  G e n e r a t e  a  t a b l e  of  t e s t  module names ( a s  comments i n  ATLAS) I 
i n  t h e  f o l l o w i n g  way: 
DO I=l TO #TESTS; 
P r i n t  name o f  t h e  t e s t  g i v e n  by TEST-PTR(I) i n  
column 1 of  t h e  t a b l e .  
P r i n t  I i n  column 2 o f  t h e  t a b l e .  
go  t o  n e x t  row o f  t h e  t a b l e .  
end;  
(No te  t h a t  t h e  number g i v e n  t o  a  p a r t i c u l a r  t e s t  module 
w i l l  b e  u sed  t o  r e f e r  t o  t h e  t e s t  module i n  t h e  r e s t  o f  
* 
t h e  code  g e n e r a t i o n )  
. . 
. . 
2: - ~ e n e r a t e  a t a b l e  o f  d i - a g n o s i s  names ( a s  comments i n  ATLAS) '  
as fo l lows: .  
P r i n t  name o f  t h e  d i a g n o s i s  g i v e n  b y  DIAG-PTR(I) 
i n  column 1 of t h e  t a b l e .  
P r i n t  I i n  column 2 o f  t h e  t a b l e .  
Go t o  n e x t  row 04 t h e  t a b l e .  
end;  
(The number a s s i g n e d  t o  a  d i a g n o s i s  w i l l  b e  u s e d  t o  r e f e r  
t o  it i n  t h e  r e s t  o f  code g e n e r a t i o n )  
3: G e n e r a t e  d e c l a r a t i o n s  o f  sys t em v a r i a b l e s .  
i) G e n e r a t e  d e c l a r a t i o n  f o r  an  a r r a y  o f  f l a g s  SYS.DIAG-FLAG 
o f  d imens ion  #DIAGS. (SYS - D I A G - F L A G  (i) w i l l  r e f e r  
t o  t h e  d i a g n o s i s  t o  which t h e  number i h a s  b e e n  
a s s i g n e d  i n  S t e p  2 of t h i s  a l g o r i t h m .  Each o f  t h e s e  
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ALGORITHM 6 . 2  ( c o n t i n u e d )  
f l a g s  w i l l  b e  used  t o  d e n o t e  whe the r  t h e  d i a g n o s i s  
h a s  p r e v i o u s l y  b e e n  s e l e c t e d ) .  
ii) G e n e r a t e  d e c l a r a t i o n  f o r  an  a r r a y  o f  i n t e g e r s  
.. 
*SYS.#TESTS I N  C O N J '  o f  d imens ion  #DIAGS. (The i t h  
e l e m e n t  w i l l  s t o r e  t h e  number o f  t e s t s  which a r e  i n  
c o n j u n c t i o n  f o r  s e l e c t i n g  t h e  ith d i a g n o s i s .  T h i s  
g e t s  dec remen ted  a s  t h e  d i a g n o s i s  i s  s e l e c t e d ,  and 
f i n a l l y  when i t  r e a c h e s  0 t h e  d i a g n o s i s  i s  a c t u a l l y  
i s s u e d )  . 
iii) G e n e r a t e  d e c l a r a t i o n  f o r  t h e  f l a g  SYS.FLAG. ( T h i s  
f l a g  i s  s e t  t o  t r u e  o r  f a l s e  depend ing  on  t h e  outcome 
of t h e  t e s t ) .  
. . 
-ivj ~ i s c ' e i l a n e o u s  ' o t h e r  d e c l a r a t i o f i s  .. , 
4: Fo r  e a c h  o f  t h e  U U T  p o i n t s  do t h e  f o l l o w i n g :  
i) R e t r i e v e  t h e  name o f  t h e  UUT p o i n t  
ii) I f  i t  has  an a l i a s  
t h e n  r e t r i e v e  Equa te  p i n  name u s i n g  a l i a s .  
g e n e r a t e  ('DEFINE' <UUT p i n  name><Equate  p i n  name>) 
e l s e  g e n e r a t e  a  comment w i t h  < U U T  p i n  name>. 
5: D e f i n e  t h e  r o u t i n e s  f o r  r e a d i n g  t i m e  from s y s t e m  c l o c k ,  
6:  R e t u r n .  
D a t a  s t r u c t u r e s  p r o d u c e d  b y  P O S T D I A G S  f o r  u s e  b y  GENMSG: 
SYSCOMP (I ) A r r a y  o f  c h a r a c t e r  s t r i n g s  c o n t a i n i n g ' a l l  
t h e  f a i l u r e  f u n c t i o n s  a n d  componen t  i d s  
o c c u r r i n g  i n  d i a g n o s i s .  
S Y S P A R M  (1 ) A r r a y  o f  c h a r a c t e r  s t r i n g s  c o n t a i n i n g  
t h e  m e s s a g e  p a r a m e t e r s  o c c u r r i n g  i n  t h e  
d i a g n o s i s .  
PARMTYPE ( 1  ) A r r a y  of  numbers .  P A R M T Y P E ( i 1  e . g .  w h e t h e r  
it i s  o f  t y p e  i n t e g e r ,  i d e n t i f i e r ,  e t c .  
S Y S O P  C h a r ( 3 )  v a r ,  T e l l s  w h e t h e r  t h e  d i a g n o s i s  
i s  s e l e c t e d  b y  c o n j u n c t i o n  o r  d i s j u n c t i o n  ,. 
o f  t e s t  m o d u l e s .  
. . .  
NO COMPS' s i z e  o f  SYSCOMP ( * ) '  a r r a y ,  . . 
- 
NO PARMS s i z e  o f  - S Y S P A R M ( * )  a r r a y ,  
- 
' 6 . 2 .4  GENMSG 
GENMSG i s  p a s s e d  t h e  message-number o f  a  m e s s a g e  which  
i s  t o  be p r i n t e d  i n  t h e  A T L A S  program.  GENMSG r e t r i e v e s  
t h e  m e s s a g e ,  i n s e r t s  componen ts  and  p a r a m e t e r s  i n t o  t h e  
m e s s a g e  ( i f  n e c e s s a r y )  and o u t p u t s  t h e  r e s u l t  t o  ATLAS. 
Data s t r u c t u r e s  p a s s e d  t o  GENMSG:. 
The a s s o c i a t i v e  memory 
S Y S C O M P  d e s c r i b e d  i n  P O S T D I A G  
S Y S O P  d e s c r i b e d  i n  P O S T D I A G  
S Y S P A R M  d e s c r i b e d  i n  P O S T D I A G  
PARMTYPE d e s c r i b e d  i n  P O S T D I A G  
NO COMPS 
- 
d e s c r i b e d  i n  P O S T D I A G  
NO - PARMS d e s c r i b e d  i n  P O S T D I A G  
ALGORITHM 6.3:  POSTDIAG(1) : 
( S t o r a g e  e n t r y  o f  t h e  d i a g n o s i s  i s  p o i n t e d  a t  by 
DIAG-PTR(I)  . 
1: G e n e r a t e  h e a d e r  f0 . r  t h e  d i a g n o s i s  p r o c e d u r e .  
2: G e n e r a t e  c o d e  t o  dec remen t  'SYS.#TESTS I N  C O N J ' .  
and  I f  i t  j-s g r e a t e r  t h a n  J3 t h e n  r e t u r n  w i t h o u t  
e x e c u t i n g  t h e  d i a g n o s i s  p r o c e d u r e ,  i f  ITISMOD i s  false. 
( P u r p o s e  of t h i s  i s  t o  t a k e  c a r e  o f  t h o s e  d i a g n o s i s  wh ich  
a r e  t o  b e  s e l e c t e d  i n  c o n j u n c t i o n .  o f  t e s t  modules )  
3: R e t r i e v e  a l l  t h e  a f f  e c t e d  components f rom a s s o c i a t i v e  
memory and p u t  them i n  SYSCOMP(*) . 
4:  K e t r i e v e  a l l  t h e  message  p a r a m e t e r s  and p u t  them i n  
. . SYSPARM(*).  a l o n g  w i t h  t h e i r  . t y p e  i n  PARMTY.PE.( *I .  . I f  
. . 
any SYSPARM(~) . is a  v a r i a b l e  . t h e n  c a l l  C O N V I D  t o  c o n v e r t  
i t  i n t o  a  v a l i d  ATLAS i d e n t i f i e r .  
5 : '  I f  t i m i n g  v a l u e  = 0 t h e n ;  
g e n e r a t e  r e a d  c l o c k  and compare w i t h  t i m i n g  v a l u e .  
g e n e r a t e  d e l a y  . i f  t i m i n g  v a l u e  i s  g r e a t e r .  
end i f ;  
C a l l  GENMSG; (GENMSG g e n e r a t e s  code  which w i l l  i s s u e  
a  message a t  r u n t i m e .  GENMSG d o e s  t h e  s u b s t i t u t i o n s  f o r  
a f f e c t e d  components  and p a r a m e t e r s  i n  t h e  m e s s a g e ) .  
6 :  I f  t h e  d i a g n o s i s  h a s  v a r i a b l e s  whose v a l u e s  a r e  e n t e r e d  
a t  e x e c u t i o n  t i m e  o f  d i a g n o s i s  t h e n  g e n e r a t e  ATLAS 
s t a t e m e n t s  f o r  t h e  p u r p o s e .  
( e . g .  i f  ' A *  g e t s  i t s  v a l u e  a t  r u n t i m e  o f  d i a g n o s i s  g e n e r a t e  
( ' INPUT " A "  * ) 
ALGORITHM 6.3 : ( c o n t i n u e d )  
7 :  If the  d i a g n o s i s  has  Y - N = '?I i . e .  i t  e x p e c t s  t h e  
o p e r a t o r  t o  respond w i t h  YES/NO then  g e n e r a t e  t h e  
f o l l o w i n g :  
t ~ ~ ~ ~ - ~ ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~  $ 
8: Generate  a t l a s  code f o r  s e t t i n g  t h e  d i a g n q s i s  f l a g  t o  
s e l e c t e d  and end o f  d i a g n o s i s  procedure:  
'SYS-DIAG- FLAG'(^) = 'SYS.SELECTED1 $. 
END..<diagnarne> $ 
9:  Return.  
ALGORITHM 6.4: GENMSG 
I n i t i a l i z e  l o c a l  v a r i a b l e s ,  r e t r i e v e  t h e  s t o r a g e  
e n t r y  f o r  t h e  message, a l l o c a t e  t e x t  t o  ho ld  t h e  i n i t i a l  
message, and a l l o c a t e  b u f f e r  t o  ho ld  t h e  f . ina l  message 
( t o  be o u t p u t )  
1: (Re t r i eve  a l l  message s t o r a g e  e n t r i e s )  . 
DO I = 1 t o  # of e n t r i e s  
IF  c o r r e c t  s t o r a g e  e n t r y  ( s t o r a g e  e n t r y  index = message#) 
then do; 
( a l l o c a t e  b u f f e r ,  t e x t )  \ \ Length = Length of message + $ength components 
+ l e n g t h  parameters  a l l o c a t e  d u f f e r ,  t e x t  
f i l l  t e x t '  wi th  message 
end ; 
(above p roces s  i s  done i n  sub rou t ines  INIT and ALL - TX) 
2: (Replace QUOTES and double quotes  wi th  s l a s h e s )  
IF  c h a r a c t e r  = ' OR " then  do; 
IF CHAR = ", r e p l a c e  with 
I F  CHAR = 1, IF  t h e r e  fo l lows  a  sequence of ' #  
O R  ' .' then 
s k i p  over  t he se  c h a r a c t e r s .  Otherwise r e p l a c e  
wi th  (above procedure  u se s  s u b r o u t i n e  chag-quote)  
3: ( a  ' S C ' ,  '$Pa, o r  'ST' i n d i c a t e s  t h a t  paramete rs  o r  
components a r e  t o  be  i n s e r t e d  i n t o  t he  b u f f e r )  
I F  c h a r a c t e r  = ' $ '  and nex t  c h a r a c t e r  = 'T' OR ' P I  OR ' C '  
t hen  do; 
ALGORITHM 6.4:  ( c o n t i n u e d )  : 
( F I N D  t h e  number o f  components  ( i f  'SC,') o r  
t h e  number o f  t h e  p a r a m e t e r  ( i f  ' S T '  o r  '$Pt)) 
number o f  components  = no-comps 
I f  SP OR S T  t h e n  number o f  p a r a m e t e r  = number o f  
p a r a m e t e r  + 1 
( O u t p u t  t h e  components  o r  p a r a m e t e r s  t o  b u f f e r )  
I F  <component> ( $ C )  t h e n  
b u f f e r x b u f f e r l  lcomponent l  ~ o p e r a t o r [ [ c o m p o n e n t s ~  l o p e . a  
I F  pa . rameter  ($PI t h e n  
b u f f e r  = b u f f e r  I I p a r a m e t e r  
Got0 3 
END ; . . 
ELSE G O T 0  2 
( above  p r o c e d u r e  c a l l s  l oad -bu f  and OUTPUT - COMP) 
4 :  ( O u t p u t  t h e  r e m a i n i n g  t e s t  t o  t h e  b u f f e r  and t o  ATLAS) 
b u f f e r  = b u f f e r -  + r e m a i n i n g  t e x t .  
DO I = 1 t o  l e n g t h  o f  b u f f e r  by 60 ;  
EMIT TO ATLAS n e x t  60 c h a r a c t e r s  o f  b u f f e r  
e a c h  a t l a s  l i n e  b e g i n s  w i t h  "and e n d s  w i t h " ,  (08  
e n d s w i t h "  i f  l a s t  l i n e )  
P r o c e d u r e  GETNEXT CHAR r e t u r n s  t h e  n e x t  c h a r a c t e r  o f  
t h e  message  t e x t .  
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6.3 I n t r a - t e s t  code  g e n e r a t i o n  ( S t a g e  2 )  : 
I 
I n  t h i s  s t a g e  a  p r o c e d u r e  d e f i n i t i o n  i s  g e n e r a t e d  f o r  
L 
e a c h  o f  t h e  t e s t  modules .  The p r o c e d u r e  CDETEST i s  c a l l e d  
1 
by  I N T S E Q  which g e n e r a t e s  t h e  p r o c e d u r e  d e f i n i t i o n .  
CDETEST g e n e r a t e s  code  f o r  c o n j u n c t i o n s ,  a s s e r t i o n s  and 
c a l l s  t o  d i a g n o s i s  p r o c e d u r e s .  Code f o r  c o n j u n c t i o n s  and  
a s s e r t i o n s  i s  g e n e r a t e d  by  c a l l i n g  GENWAVE w i t h  t h e  
a p p r o p r i a t e  a rgument .  The p r o c e d u r e  GENWAVE c o n t a i n s  a  
number o f  p r o c e d u r e s  which a r e  c a l l e d  d e p e n d i n g  on  w h e t h e r  
t h e  waveform i s  a  c o n j u n c t ' i o n  o r  a n  a s s e r t i o n ,  and w h e t h e r  
it h a s  a n  i f - c l a u s e  o r  i s  s i m p l e .  F i n a l l y ,  G E N E X P R  i s  c a l l e d  
which  g e n e r a t e s  t h e  a c t u a l  code .  A l l  t h e s e  a r e  d e s c r i b e d  i n  
t h e  f o l l o w i n g  p r o c e d u r e s :  . 
6.3.1 ' CDETEST:' . . 
CDETEST i s  c a l i e d  w i t h  a  p o i n t e r  p o i n t i n g  t o  t h e  s t o r a g e  
e n t r y  of  a  t e s t  module a s  i t s  a rgument .  CDETEST p r o d u c e s  a  
p r o c e d u r e  i n  ATLAS c o r r e s p o n d i n g . t o  t h e  t e s t  module .  For  modules, 
t h i s  p r o c e d u r e  i s  c a l l e d  f o r  t h e  modfun which c o n t a i n s  t h i s  t . s t .  
, Da t a  s t r u c t u r e s  p a s s e d  t o  CDETEST: " 
The a s s o c i a t i v e  memory. 
(The f o l l o w i n g  d a t a  s t r u c t u r e s  c o n t a i n  d a t a  a b o u t  t h e  
t e s t  module t o  which t h e  a rgument  o f  t h e  p r o c e d u r e  r e f e r s )  . 
STIM -PTR(*)  
- 
A r r a y  o f  p o i n t e r s  which p o i n t  t o  t h e  
s t o r a g e  e n t r i e s  o f  t h e  s t i m u l i  waveforms 
i n  t h e  t e s t  module .  
MEAS P T R ( * )  
- ~ r r a y  o f  p o i n t e r s  which  p o i n t  t o  
t h e  s t o r a g z  e n t r i e s  o f  t h e  measurement  
waveforms i n  t h e  t e s t  module .  
LOC VAR(*) 
- 
Array  o f  p o i n t e r s  which p o i n t  t o  
t h e  s t o r a g e  e n t r i e s  o f  t h e  d i a g n o s e s  
which a r e  r e f e r e n c e d  by t h i s  t e s t  module .  
Ar ray  of  s t r u c t u r e s  which c o n t a i n  
d a t a  a b o u t  t h e  v a r i a b l e s  ( l o c a l  and 
g l o b a l )  r e f e r e n c e d  by  t h i s  t e s t  module.  
s t r u c t u r e  a r r a y  c o n t a i n i n g ( i 1  name o f  
v a r i a b l e  u sed  i n  l o o p  (ii) u p p e r  l i m i t  
o f  t h e  l o o p .  (Lower l i m i t  i s  a lways  1'). 
1.DOTAB ( * )  S t r u c t u r e  a r r a y  c o n t a i n i n g :  
- 
2 FIRST --> i n d e x  i n t o  o r d e r  v e c t o r  c o r r e s p o n d i n g  t o  
b e g i n n i n g  0.f l o o p *  . . . 
. 2  LAST --> i n d e x  i n t o  o r d e r  v e c t o r  c o r r e s p o n d i n g  t o  
end o f  l o o p .  
DIAGNAME ( * ) 
#STIM 
#MEAS 
#D 
LCLVAR 
# W  
2 SUB-# --> i n d e x  i n t o  FSUB which c o n t a i n s  a t h e r  
i n f o r m a t i o ' n  a b o u t  t h i s  l o o p .  
d e s c r i b e d  i n  C D E M A I N  
s i z e  0.f STIM-PTR(*) 
s i z e  of  MEAS PTR(*) 
- 
s i z e  of D - PTR(*) 
s i z e  o f  LOC - VAR(*)  = #V 
= #STIM +#MEAS i . e .  # o f  waveforms i n  
SIZE 
ORDER( *)  
t h e  
t e s  t -module .  
Number of nodes which a r e  a n c e s t o r s  of  
nodes i n  L C L V A R .  
= #STIM+#MEAS+#D+#V+#H 
Order  v e c t o r  f o r  t h e  a d j a c e n c y  m a t r i x  
of t h e  t e s t  module. 
ALGORITHM 6 . 5  : CDETEST (TEST) : 
(TEST i s  a  p o i n t e r  p o i n t i n g  t o  t h e  s t o r a g e  e n t r y  of  
t h e  t e s t  module) 
1: DO I = l T O # D ;  
D I A G N ~ (  I)  :.= DIAGSEARCH (D-PTR( I) ; 
END ; 
( P r o c e d u r e  DIAGSEARCH (PI s e a r c h e s  f o r  P i n  
D I A G  - PTR(*) and  r e t u r n s  t h e  i n d e x  o f  t h e  ma tch .  
T h i s  e s t a b l i s h e s  c o r r e s p o n d e n c e  be tween  t h e  d i a g n o s e s  
i n  t h e  t e s t  module and t h e  number g i v e n  t o  a19  t h e  
d i a g n o s e s  b y  C D E M A I N )  
( P r o c e d u r e -  TESTSEARCH f o r  t e s t  modules  i s  s i m i l a r  t o  t h e  
. . 
. . 
m p r o c e d u r i  DIAGSEARCH f o r  d i a g n o s e s )  -- 
-- 
3: G e n e r a t e  h e a d e r  i n  ATLAS f o r  t h e  t e s t m o d u l e  p r o c e d u r e .  
. -- 
1f i t  i s  n o t  t h e  main module t h e n  f o r  each  05  t h e  f o r m a l  
s o u r c e  p a r a m e t e r s  o f  t h e  c o r r e s p o n d i n g  modfun g e n e r a t e  
t h e  f o l l o w i n g :  
3 . 1  For t h e  i t h  pa rame te r  name < p i >  i f  i t  i s  s o u r c e  
g e n e r a t e  
b T h i s  pa rame te r  p a s s i n g  mechanism i s  
. . 
d e s c r i b e d  i n  S e c t i o n  6 . 3 . 3 .  */ 
3.2 If i t  r e t u r n s ,  a  v a r i a b l e  S o f  d a t a  t y p e  same a s  t h e  
spec-name do t h e  f o l l o w i n g :  
3.2.1 G e n e r a t e  i n c r e m e n t  f o r  t h e  v a r i a b l e  
'SYS.GEN ' s p e c  name 
3.2.1 G e n e r a t e  a s s i g n m e n t  
' S f  = 'SYS.GEN.spec-name 
4: F o r  e a c h  o f  t h e  l o c a l  v a r i a b l e s  i n  L O C - V A R ( * )  -. 
(it  c o n t a i n s  b o t h  l o c a l  and  g l o b a l  v a r i a b l e s  u s e d  .by t h e  
test  m o d u l e )  d o  t h e  f o l l o w i n g :  
i) C o n v e r t  NOPAL i d  t o  A T L A S  i d  ( u s i n g  C O N V I D ) .  
ii) S u f f i x  t h e  i d  w i t h  T E S T N O .  
f i i )  G e t  i t s  d i m e n s i o n s  i f  it i s  a n  a r r a y .  
iv) G e n e r a t e  t h e ,  A T L A S  d e c l a r a t i o n .  Upperbou;ld i s  t a k e n  
. t o  b e  2 f o r  v a r i a b l e s  w i t h  ' * '  o r  i n d e f i n i t e  
uDper b o u n d ) .  
* 
5 :  ( I s s u e  0 t i m e  d i a g n o s i s )  
DO I=l TO # D ;  . . 
If o p e r a t o r  = I * '  a n d  t i m i n g  = . O  f o r  t h e  d i a g n o s i s  . . 
D - P T R ~ I )  t h e n  . g e n e r a t e  c a l l  oil t h e  d i a g n o s i s  p r o c e d u r e  - 
END. 
ALGORITHM 6.5  : ( c o n t i n u e d )  
6: ( G e n e r a t e  C o d e  f o r  W a v e f o r m s ) .  A l s o  check f o r  i t e r a t i o n s ,  
i f  i n d i c a t e d  b y  t h e  s t r u c t u r e  DOTAB) . 
DO J= l  T O  S Z  
DO 131 T O  # L O O P S  
I f  O R D E R ( 1 )  i s  a w a v e f o r m  t h e n  C a l l  G E N W A V E ( p o i n t e r  
t o  t h e  w a v e f o r m )  ; 
I f  J = D O T A B ( E N D A R ( 1 )  ) . L A S T  t h e n  g e n e r a t e  end o f  l o o p ;  
I f  J = DOTAB ( E N D A R ( 1 )  . F I R S T  t h e n  g e n e r a t e  b e g i n n i n g  of  
loop. 
- , . 
I f  ORDER(I) . i s  a s o u r c e  ( o r  t a r g e t )  s t r u c t u r e  
. . 
g e n e r a t e  c a l l s  o l i  ACCESS ( o r  SAVE) f u n c t i o n s .  
end ; 
end ; 
7 :  ( G e n e r a t e  code f o r  nonze ro  t i m i n g  d i a g n o s i s  preceded by 
p roper  l o g i c ,  1 
DO f o r  a l l  d i a g n o s i s  i n  t h e  t e s t  niodule,  w i t h  n o n z e r o  t i m i n g ;  
I f  l o g i c  code = ' I '  o r  ' & '  th .en  s t o r e  d i a g n o s i s  # i n  
TRUE ARRAY; 
. - 
I f  l o g i c  code = ' I  ' o r  ' &  ' t h e n  s t o r e  d i a g n o s i s  # i n  
. F A L S E  - ARRAY, 
I f  l o g i c  code = ' * '  t h e n  s t o r e  d i a g n o s i s  # i n  bo th  
TRUE-ARRAY and * F A L S E  - ARRAY.  
END; 
8: Generate t e s t  f o r  'SYS.FLAG' equal  t o  t r u e .  
Generate  jump t o  t r u e  p a r t  and f a l s e  p a r t .  
Generate c a l l s  on a l l  t h e  d i a g n o s i s  i n  TRUE - ARRAY and 
p u t  them i n  t r u e  p a r t .  
Generate  c a l l s  on  a l l  t h e  d i a g n o s i s  i n  FALSE-ARRAY and 
put them i n  t h e  f a l s e  p a r t .  
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T h e r e  i s  a  c o r r e s p o n d e n c e  be tween  e n t r i e s  i n  
STIM - PTR, MEAS-PTR, D - PTR and LOC-VAR a r r a y s  on o n e  hand 
and  t h e  e n t r i e s  i n  t h e  a d j a c e n c y  m a t r i x  o f  t h e  t e s t  module 
on  t h e  o t h e r ,  
STIM - PTR( i) c o r r e s p o n d s  t o  ith e n t r y  i n  t h e  a d j a c e n c y  
m a t r i x  
MEAS-PTR ( i) c o r r e s p o n d s  t o  ( # S T I M + ~ )  th i n  t h e  a d j a c e n c y  
m a t r i x ,  
D - PTR(i )  c b r r e s p o n d s  t o  ( # ~ + i )  th i n  t h e  a d j a c e n c y  
m a t r i x .  
LOC - V A R ( i )  c o r r e s p o n d s  t o  (#W+#D+i) th i n  t h e  a d j a c e n c y  
m a t r i x .  
D a t a  s t r u c t u r e s  produced  by CDETEST f o r  u s e  by  GENWAVE 
. . 
DIAGNO ( * )  , A r r a y '  o f  i n t e g e r s  o f  s i z e  #D. 
e n t r y  i n '  i t  g i v e =  th .e  number a s s i c r n e d  
f o r  code  g e n e r a t i o n  p u r p o s e s  t o  t h e  
d i a g n o s i s  e n t r y  D-PTR(1). ( F o r  d e t a i l s  
a b o u t  t h e  n u m b e r . a s s i g n e d  t o  a  d i a g n o s i s  
see s t e p 2  o f  C D E M A I N  a l g o r i t h m )  . 
6.3.2 GENWAVE: 
T h i s  p r o c e d u r e  i s  c a l l e d  w i t h  a  p o i n t e r  p o i n t i n g  t o  
s t o r a g e  e n t r y  o f  a waveform, I t  g e n e r a t e s  ATLAS code  f o r .  
t h e  waveform. 
D a t a  s t r u c t u r e s  p a s s e d  t o  GENWAVE a s  e x t e r n a l  v a r i a b l e s :  
The a s s o c i a t i v e  memory. 
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ALGORITHM 6.6: GENWAVE (STOWAVE) : 
(STOWAVE p o i n t s  t o  storage e n t r y  o f  a w a v e f o r m ) .  
1. If  the  w a v e f o r m  i s  of type I F  C E L L  t h e n  c a l l  G E N I F C E L L  
- 
e l s e  c a l l  G E N S I M P L E  
2 .  R e t u r n .  
ALGORITHM 6.7 : G E N I F C E L L  (CELLPTR) : 
1: G e n e r a t e  ATLAS code  t o  e v a l u a t e  t h e  c o n d i t i o n  
(by c a l l i n g  GENEXPR(condition) ) 
2: G e n e r a t e  compare s t a t e m e n t  f o l l o w e d  b y  t r a n s f e r  o f  
c o n t r o l  t o  t r u e  p a r t  o r  f a l s e  p a r t  d e p e n d i n g  o n  t h e  
outcome o f  t h e  compare s t a t e m e n t .  
3: G e n e r a t e  code  f o r  t r u e  p a r t  by  c a l l i n g  GENSIMPLE(true p a r t ) ;  
4 :  G e n e r a t e  code  f o r  f a l s e  p a r t  by c a l l i n g  GENIFCELL(fa1se p a r t )  
o r  GENSIMPLE(fa1se p a r t )  a s  t h e  c a s e  may b e .  
5: R e t u r n .  
ALGORITHM 6 . 8  : GENSIMPLE (WAVEPTR) : 
1. I f  waveform i s  o f  t y p e  a s s e r t i o n  t h e n  do  t h e  f o l l o w i n g :  
( A s s e r t i o n s  a r e  i n  g e n e r a l  c a s e  o f  t h e  form,  
e x p r l  o p  e x p r 2  +- r a n g e )  
iii) I f  r a n g e  = n u l l  t h e n  g e n e r a t e  code  T1 o p  T2 
e lse  T 3  = GENEXPR(range1 
g e n e r a t e  compare T1 Upper l i m i t  T2+T3 
Lower l i m i t  T2-T3 
2. E l s e  i f  waveform i s  o f  t y p e  c o n j u 4 c t i o n  t h e n  d o  t h e  f o l l o w i n g :  
( c o n j u n c t i o n s  a r e  o f  t h e  form: Cqonnec t ion  p o i n t s ,  
. . 
= <meas s t i m  f n > )  
i) G e n e r a t e  code  f o r  each  of  t h e  c o n n e c t i o n  p o i n t s  b y  
C a l l i n g  GENEXPR ( c o n n e c t i o n  p o i n t )  f o r  e a c h  c o n n e c t i o n  
p o i n t .  
ii) . G e n e r a t e  code  f o r  t h e  measurement  s t i m u l i  f u n c t i o n  by  
c a l l i n g  GENEXPR(<meas.stim.fn>) 
3. Re tu rn ;  
6 9 3 . 3  D e s c r i p t i o n  o f  GENEXPR: 
T h i s  i s  t h e  h e a r t  o f  t h e  GENWAVE p r o c e d u r e .  I t s  argument  
EXPRTREE p o i n t s  t o  a  p a r s e d  t r e e  of  e i t h e r  a r i t h m e t i c  
e x p r e s s i o n s  o r  b o o l e a n  t e rm o r < c o n n e c t i o n  dim. d x p r e s s i o n *  
or<func .d i rn .expr .>  
I t  g e n e r a t e s  ATLAS code  f o r  t h e  t r e e  o f  an e x p r e s s i o n  
and r e t u r n s  one  of  two t h i n g s :  
1) t h e  name o f  t h e  v a r i a b l e  t o  which t h e  g e n e r a t e d  
ATLAS c o d e . a s s i g n s  t h e  v a l u e s  of  t h e  e x p r e s s i o n ,  
o r  2 )  t h e  a c t u a l  code  i t s e l f .  
I n  c a s e  ( 2 )  t h e  code  r e t u r n e d  h a s  n o t  y e t  b e e n  i s s u e d  
t o  t h e  o b j e c t  code  f i l e ,  and  t h e  p u r p o s e  i s  t o  a v o i d  low 
l e v e l  i n e f  f  fc i ' ency . '  . , 
C o n s i d e r  t h e  f o l l o w i n g  example:  
E x p r e s s i o n  i s :  SIN(A + Userfun ( B  , C )  ) 
GENEXPR i s  a  r e c u r s i v e  p r o c e d u r e .  The f o l l o w i n g  code  
w i l l  b e  g e n e r a t e d  on t h e  r e c u r s i v e  c a l l  
~ E ~ ~ x P R ( U s e r f u n ( B , c ) )  : 
lUserfun.PRMO1' = I B '  $ 
' U s e r f u n . p R ~ o 2 ~  = I C '  $ 
PERFORM ' U s e r f u n '  $ 
'SYS.DEC x x l  = 'Userfun .RES1 
(Note  t h a t  t h e  above mechanism o f  p a s s i n g  p a r a m e t e r s  t o  
and r e t u r n i n g  r e s u l t  from u s e r  d e f i n e d  f u n c t i o n s  became n e c e s s a r y  
as ATLAS d o e s  n o t  s u p p o r t  p a s s i n g  t h e  p a r a m e t e r s  and r e t u r n i n g  _ 
t h e  r e s u l t  .) 
T h i s  r e c u r s i v e  c a l l  w i l l  r e t u r n  t h e  v a r i a b l e  'SYS.TEMPxxl, 
b e c a u s e  t h e  v a r i a b l e  w i l l  c o n t a i n  t h e  v a l u e  o f  UserfGn(B,C) C 
a t  e x e c u t i o n  t i m e .  
F i n a l l y ,  t h e  t o p  l e v e l  o f  c a l l  t o  GENEXPR w i l l  r e t u r n  
t h e  a c t u a l  p i e c e  o f  code :  
I n  o t h e r  words  GENEXPR i s s u e s  code  i ' n t o  o b j e c t  f i l e  
o n l y  when n e c e s s a r y  and t h i s  way a v o i d s  u n n e c e s s a r y  a s s i g n m e n t s ,  
(No te  t h a t  i f  i t  i s s u e s  code  and r e t u r n s  v a r i a b l e s  o n l y ,  
i t  would a l s o  g e n e r a t e :  
and  wduld f i n a l l y  r e t u r n  'SYS, D E C  .) 
F l a g  SNAMESW which i s  a n  e x t e r n a l  v a r i a b l e ,  i s  s e t  i f  
the  v a l u e  b e i n g  r e t u r n e d  b y  G E N E X P R  i s  o f  t y p e  v a r i a b l e ;  and 
i s  rese t  i f  t h e  a c t u a l  code i.s b e i n g  r e t u r n e d .  
ALGORITHM 6 .9  : GENEXPR(EXPRTREE) : 
1: I f  EXPRTREE i s  n u l l  t h e n  r e t u r n  ( '**NULL** ' ) ;  
2: I f  EXPRTREE p o i n t s  t o  a  number N t h e n  r e t u r n  NAMESW = '0 ' B ;  
( c o u n t  t o  c h a r  ( N ) )  ; 
3: I f  EXPRTREE p o i n t s  t o  a  c h a r a c t e r  o r  b i t  s t r i n g  t h e n  
NAMESW = ' O ' B ;  t h e n  r e t u r n  t h e  s t r i n g .  
4 :  If  EXPRTREE p o i n t s  t o  a  t r e e  s u c h  t h a t  t h e  r o o t  FNNAME 
i s  u s e r  d e f i n e d  f u n c t i o n  o r  p r e d i c a t e  w i t h  #ARGS a s  number 
o f  a r g u m e n t s ,  t h e n  do t h e  f o l l o w i n g :  
G e n e r a t e  t h e  a s s i g n m e n i  ( P A R M N A M E ( I )  I I I t '  [ ' I P A R M ( I )  ; 
ii) G e n e r a t e  c a l l  ( 'PERFORM ' I I FNNAME) ; 
iii) G e n e r a t e  a s s i g n m e n t s  t o  copy back  t h e  v a r i a b l e  
p a r a m e t e r s ,  b e c a u s e  w e  assume c a l l  by r e f e r e n c e .  
DO I = 1 TO #ARGS; 
If PARMSW(I) t h e n  g e n e r a t e  (PARM(1) I I ' = '  I I P A R M N A M E (  I )  ; 
END ; 
i v )  G e n e r a t e  a s s i g n m e n t  t o  copy t h e  r e s u l t  o f  t h e  above  
f u n c t i o n  c a l l  i n  a  t empora ry  v a r i a b l e  and r e t u r n  
t h e  t e m p o r a r y  v a r i a b l e .  S e t  NAMESW = ' g 'B;  
5 ,  I f  EXPRTREE p o i n t s  t o  a  v a r i a b l e  o r  a r r a y  o r  s y s t e m  f n .  
t h e n  do t h e  f o l l o w i n g :  
* 
. . 
ALGORITHM 6.9 : (continued) 
Let FNNAME be the name of the variable array or 
system fn. and let #ARGS be its number of arguments. 
If FNNAME is a qualified variable (i.e. has a PREFIX, 
' . ' and SUFFIX) then 
FNNAME = SUFFIX 
TEMPC = FNNAME~ 1 1 ( 1 1  I P R E F I X ~  I i , '  
else TEMPC = FNNAME] 1 1 ( '  
TEMPC = TEMPC~ I GENEXPR(ARG(~)) ; 
. DO 1=2 TO #ARGS; ' 
TEMPC = 1 ; '  I IGENEXPR(ARG(I)); 
END ; 
. . .TE.MPC .= TEMPC 1. I ' ) I. ;NAMESW='.OBB; 
.. 
Re turn (TEMPC) ; 
6: If EXPRTREE points to a tree-whose root is an operator: 
then do the following: 
NAMESW = 'O'B; 
R ~ ~ u ~ ~ ( G E N E x P R ( A R G ( ~ )  ) I loperator ( 1 GENEXPR(ARG(~) ) ) ; 
7: If EXPRTREE points to value dim.expression then 
R ~ ~ U ~ ~ ( G E N E X P R ( A R G ( ~ )  1 )  ; 
8: If EXPRTREE is none of the above Return ('**error**'); 
6.4 I n t e r -  T e s t  C o d e  G e n e r a t i o n  ( S t a g e  3 ) :  
T h i s  i s  t h e  f i n a l  s t a g e  i n  w h i c h  cpde i s  generated 
f o r  c a l l i n g  t h e  t e s t  m o d u l e  procedures i n  t h e  r i g h t  o r d e r  
preceded w i t h  app ropr i a t e  l o g i c .   his s t a g e  i s  p e r f o r m e d  o n l y  . . 
f o r  t h e  m a i n  m o d u l e .  
The procedures  u s e d  t o  do t h i s  job are  TRMNATE, I N V O K E  
- .  . . 
and S K I P .  T h e  p rocedure  TRMNATE c a l l s  I N V O K E  w i t h  t h e  t e s t  
m o d u l e  n a m e  a s  a r g u m e n t ;  t h e  order  of  t h e  t e s t  m o d u l e  n a m e s  
i s  g i v e n  by t h e  g l o b a l  o rde r  v e c t o r ,  w h i c h  w a s  g e n e r a t e d  b y  
E X T S E Q .  I N V O K E  ge-nerates l o g i c  w h i c h  w i l l  d e t e r m i n e  a t  
r u n t i m e  w h e t h e r  t h e  t e s t  m o d u l e  w i l l  be c a l l e d .  
TRMNATE and I N V O K E  a r e  descr ibed  i n  g r e a t e r  d e t a i l  . 
, 
b e l o w :  
6 .4.1 TRMNATE:  
T h i s  procedure gene ra t e s  t h e  f i r s t  e n t r y  p o i n t ,  i.e. 
t h e  p o i n t  f r o m  w h i c h  t h e  e x e c u t i o n  w i l l  b e g i n ,  t h e  c o n t r o l  
l o g i c  f o r  c a l l s  on t e s t  m o d u l e  procedures  b y  c ' a l l i n g  I N V O K E ,  
and f i n a l l y  t e r m i n a t i o n  o f  t h e  A T L A S  p r o g r a m .  
D a t a  s t r u c t u r e s  passed t o  TRMNATE a s  e x t e r n a l  v a r i a b l e s :  
W(*,*) described. i n  C D E M A I N  
ORDER ( *  described i n  C D E M A I N  
RANK ( * )  descr ibed i n  C D E M A I N  
T E S T - P T R ( * )  d e sc r ibed  i n  C D E M A I N  
DIAG-PTR ( * I  descr ibed  i n  C D E M A I N  
#TESTS descr ibed  i n  C D E M A I N  
#DIAGS descr ibed  i n  C D E M A I N  
T S P E C N A M E  descr ibed  i n  C D E M A I N  
# S I Z E  descr ibed  i n  C D E M A I N  
A L G O R I T H M  6.10: TRMNATE:  
1: ( 1 s t  e n t r y  p o i n t )  
G e n e r a t e  A T L A S  code t o  read t i m e  f r o m  s y s t e m  c lock 
and p r i n t  i t s  v a l u e .  
.2: G e n e r a t e  code t o  i n i t i a l i z e  v a r i a b l e s .  
i )  I n i t i a l i z e  a l l  ' S Y S . D I A G - F L A G H s  t o  N O T - S E L E C T E D .  
i i )  I n i t i a l i z e  ' S Y S . # T E S T S  I N  C O N J 1 ( i )  e q u a l  t o  t h e  
n u m b e r  of t e s t s  w h i c h  a r e  i n  c o n j u n c t i o n  f o r  t h e  
d i agnos i s  i , .  f o r  i v a r y i n g  f r o m  1 t o  # D I A G S .  
i - i i )  I n i t i a l i z e  a l l  ' S Y S  . T E S T - F L A G '  's t o  ' N O T  T E S T E D  ' . 
3: G e n e r a t e  t h e  c o n t r o l  l o g i c  f o r  c a l l s  on t e s t  m o d u l e  
procedures :  T h e  o rde r  g i v e n  by  t h e  O R D E R  vec tor  i s  u s e d .  . 
. . 
DO Is1 T O  # S I Z E ;  
. . 
* ' 
C a l l  INVOKE (ORDER ( I )  ; 
' E N D ;  
4: G e n e r a t e  code t o  R e a d  c lock and p r i n t  t i m e .  
G e n e r a t e  t e r m i n a t i o n  f o r  A T L A S  p r o g r a m .  
6 . 4 . 2  I N V O K E :  
G e n e r a t e s  c o n t r o l  f o r  c a l l i n g  t h e  t e s t  m o d u l e  p r o c e d u r e  
g i v e n  by  t h e  a r g u m e n t  o f  c a l l  on  I N V O K E .  
D a t a  s t r u c t u r e s  u s e d  by  I N V O K E  ( a s  e x t e r n a l  v a r i a b l e s  i n  P L / I  
The a s s o c i a t i v e  m e m o r y  
W ( * , * )  ' . A d j a c e n c y  M a t r i x .  D e s c r i b e d  i n  C D E M A I N .  
TEST-PTR ( * I D e s c r i b e d  i n  C D E M A I N  
#TESTS D e s c r i b e d  i n  C D E M A I N  
#DIAGS D e s c r i b e d  i n  C D E M A I N  
#SIZE D e s c r i b e d  i n  C D E M A I N  
6 . 4 . 3  S K I P ( T E S T N 0 ,  F L A G ,  S T A T E )  : 
T h i s  p rocedure  q e n e r a t e s  A T L A S  code w h i c h  w i l l  t e s t  
F L A G  '= '  S T A T E  and  w i l l  m a r k  t h e  success .ors  of T E S T N O  as 
skipped if t r u e .  
ALGORITHM 6 .11 :  I N V O K E ( T E S T N O )  : e 
( T E S T N O  i s  an  i n t e g e r  r e f e r r i n g  t o  t h e  t e s t  m o d u l e  w h i c h  
has  b e e n  a s s i g n e d  t h e  n u m b e r  T E S T N O  by t h e  code g e n e r a t o r .  w 
see C D E M A I N  f o r  d e t a i l s )  . 
( T h e  a l g o r i t h m  i s  based o n  n e g a t i v e  l o g i c .  I t  gene ra t e s  
A T L A S  code f o r  c h e c k i n g  t h a t  a l l  t h e  predecessors  o f  t h e  
t e s t  m o d u l e  g i v e n  by T E S T N O  have been  e x e c u t e d .  I f  t h e  
a n s w e r  w i l l  be t r u e  t h e  t e s t  m o d u l e  p r o c e d u r e  w i l l  b e  
ca l l ed .  O n  t h e  o t h e r  hand if t h e  a n s w e r  w i l l  be  f a l s e  
. a l l  t h e  s u c c e s s o r s  o f  t h e  t e s t  m o d u l e s  w i l l  be  m a r k e d  
a s  s k i p p e d .  A t l a s  code i s  g e n e r a t e d  t o  t a k e  c a r e  o f  
b o t h  of  t h e  above p o s s i b i l i t i e s ) . .  
1: G e n e r a t e  code t o  s e t .  t h e  ' S Y S . F L A G V  t o  t r u e .  
. . .  
. . 
2:. DO ~ = i  TO #DIAGS;  
PTYP = w ( K + # T E S T S  , T B S T N O )  ; 
( P T Y P  n o w  c o n t a i n s  t h e  ' precedence  r e l a t i o n s h i p  b e t w e e n  
XCth d i a g n o s i s  a n d  t h e  t e s t  m o d u l e  T E S T N O . )  
If P T Y P = 2  O R  P T Y P = 5  ( T h e  t e s t  m o d u l e  i s  c o n n e c t e d  t o  
d i a g n o s i s  by  " a f t e r "  o r  i s  s u c h  t h a t  i t s  
a f f e c t e d  c o m p o n e n t s  s e t  i s  a s u b s e t  o f  D ' s )  
t h e n  g e n e r a t e  ( ' S Y S . F L A G '  = ' S Y S . F L A G '  A N D  N O T  
( ' S Y S . D I A G . F L A G ~ ( K )  XOR a ~ ~ ~ . ~ ~ ~ ~ , ~ ~ ~ ~ q ) :  ; 
E l s e  i f  P T Y P  . = 0 t h e n  
g e n e r a t e ( ' S Y S . ~ L A G '  = ' S Y S . F L A G q  AND N O T  
( 'SYS . D I A G - F L A G '  ( K )  X O R ' S Y S  .NOT S E L E C T E D '  1 I ? 
A L G O R I T H M  6 . 1 1 :  ( c o n t i n u e d )  
3 :  G e n e r a t e  code to  t e s t  ' S Y S . F L A G '  and c a l l  t h e  t e s t  
module procedure T E S T N O  if ' S Y S . F L A G 1  i s  t r u e .  
4 .  R e t u r n .  
A L G O R I T H M  6 . 1 2 :  S K I P :  
1: G e n e r a t e  code t o  t e s t  t h a t  ' S Y S  . T E S T - F L A G '  ( T E S T N O )  
has n o t  b e e n  m a r k e d  as ' S Y S . S K I P P E D '  . 
2: G e n e r a t e  code t o  t e s t  t h a t  F L A G  i s  e q u a l  t o  S T A T E .  
3: I f  a n y  of t h e  above r e t u r n  t r u e  t h e n  gene ra t e  a 
G O T 0  t o  t h e  end  of t h e  code genera ted  b y  
Step 2 of I N V O K E .  
4: D O  J = ( # T E S T S  + # D I A G S  + 1 )  T O  # S I Z E ;  
I f  W ( T E S T N 0 , J )  =O' & E X A C  - O N E  - E N T R Y ( J )  t h e n  \ I 
(I i s  a t a r g e t  v a r i a b l e  i n  t e s t  T E S T N O  and no o t h e r )  i 
\. 
DO I = 1 T O  # T E S T S ;  t 
. I f  W ( J ,  I) -='O. the .n .  c a l l  S K I P  ( I , F L A G ,  S T A T E )  . 
. . .  
. . 
( * G e n e r a t e  code t o  s k i p  a l l  t h e  successors  
E N D  ; 
E N D  ; 
5: R e t u r n .  
6.5 T h e  Suppor t  R o u t i n e s :  
T h e r e  a re  t w o  procedures  A T L A S 1 0  and C O N V E R S I O N  each 
of w h i c h  c o n t a i n  a n u m b e r  of  s u p p o r t  r o u t i n e s ,  T h e s e  s u p p o r t  
r o u t i n e s  are  c o n t a i n e d  as e n t r y  p o i n t s ,  and are  used  by  a l l  t h e  
th ree  s tages  of code g e n e r a t i o n .  
6.5.1 O v e r v i e w  of ATLASIO : 
T h i s  proc c o n t a i n s  t h e  e n t r y  p o i n t s  f o r  w r i t i n g  i n t o  
t h e  f i l e s  A T L A S ,  ATLASDCL a n d  A T L A S P R O C ,  E M I T D C L  a n d  C O M E N I T D C L  
w r i t e  i n t o  A T L A F D C L  and  t h e  o t h e r s  w r i t e  i n t o  A T L A S P R O C .  
A T L A S D C L  contai . jp o n l y  t h e  DCL e n t r i e s  w h i l e  A T L A S P R O C  c o n t a i n s  
\ 
a t l a s  proc and e x e c u t a b l e  code. 
\ 
6.51.1.1 E n t r y  - p o i n t s  
. 
E M I T D C L  ( X I  : T h i s  p rocedure  p re f ixed  t h e  cha rac te r  s t r i n g  
X w i t h  9 b l a n k s  a n d  w r i t e s  it i n t o  t h e  f i l e  
A T L A S D C L .  
C O M E X I T D C L ( X ) :  W r i t e s  charac ter  s t r i n g  X ,  w i t h o u t  p r e f i x i n g  
i n t o  A T L A S D C L .  
E M I T C O M ( X 1 :  ' W r i t e s  cha rac te r  s t r i n g  X  i n t o  A T L A S P R O C .  
S A V E L B L  : I t  p re f ixes  cha rac te r  s t r i n g  X  w i t h  A T L S T M T ,  
c u r r e n t  s t a t e m e n t  n u m b e r  o f  A T L A S  code, and 
s t o r e s  i t  i n  t h e  n e x t  a v a i l a b l e  s l o t  i n  an  
ar ray  of cha rac te r  s t r i n g s  c a l l e d  B U F F E R .  I f  . 
B U F F E R  i s  a l r e a d y  f u l l  t h e n  c a l l s  I N C R I Z  t o  
i n c r e a s e  t h e  B U F F E R  s i z e .  T h i s  B U F F E R  will be 
e m p t i e d  i n t o  ATLASPROC on  c a l l  t o  DUMPSAV. 
T h i s  n o r m a l l y  does  t h e  s a m e  t h i n g  as  S A V E B L  
except t h a t  i t  p r e f i x e s  X  w i t h  b l a n k s  r a t h e r  
t h a n  A T L S T M T  and a l s o  i t  does n o t  i n c r e m e n t  A T L S T M T .  
6 - 3 7  
' H o w e v e r  i f  DMPFLAG i s  s e t  t h e n  i t  does e x a c t l y  t h e  
same t h i n g  as SAVELBL.  (DMPFLAG g e t s  s e t  w h e n e v e r  
t h e  n e x t  l i n e  m u s t  have  ATLSTMT a s  i t s  l abe l .  T h i s  
b e c o m e s  necessary  w h e n  a DUMPSAV h a s  been p e r f o r m e d  
and t h e  f o r w a r d  ' g o t o '  references have been r e s o l v e d . )  
E M I T ( X 1 :  N o r m a l l y  it w r i t e s  c h a r a c t e r  s t r i n g  X  i n t o  ATLASPROC 
a f t e r  p r e f i x i n g  i t  w i t h  9 b l a n k s .  H o w e v e r ,  i f  B U F F E R  
i s  a l r eady  a l l o c a t e d  i t  c a l l s  S A V E ( X ) .  I f  DMPFLAG i s  
s e t  t h e n  i t  c .al ls  E M I T L B L ( X 1 ,  
E M I T B L ( X 1 :  . N o r m a l l y  i t  w r i t e s  cha rac te r  s t r i n g  X  i n t o  A T L A S P R O C ,  
w 
a f t e r  ATLASPROC,  a f t e r  p r e f i x i n g  X  w i t h  ATLSTMT,  I t  
i n c r e m e n t s  ATLSTMT. . H o w e v e r  i f  B U F F E R  i s  a l l o c a t e d  i f -  
* 
. . 
. ca l l s  SAVELBL. (X)  -. ( B U F F E R .  a l l o c a t e d  i m p l i e s  t h a t  s o m e  
p r&ious ly  i s s u e d  charac ter  s t r i n g  have n o t  b e e n  w r i t t e n  
t o  ATLASPROC and' t he re fo re  cha rac te r  s t r i n g  X m u s t  be 
p u t  i n  B U F F E R  t o  m a i n t a i n  t h e  s a m e  sequence of c h a r a c t e r  
s t r i n g s .  1 
I N C R S I Z E : .  Increases  t h e  s i z e  of  a r r a y  B U F F E R  f r o m  S I Z E  t o  ( S I Z E + I N C R ) .  
DUMPSAV ( L A B E L )  : I t  replaces t h e  occuren t  of cha rac te r  s t r i n g  
LABEL i n  t h e  B U F F E R  w i t h  t h e  v a l u e  of ATLSTMT.  I f  no 
m o r e  l a b e l s  a re  p r e s e n t  i n  B U F F E R  ( l a b e l s  a r e  o f  t h e  
f o r m  'SSXXSS ' )  t h e n  i t  e m p t i e s  t h e  B U F F E R  i n t o  ATLASPROC.  
S E T A T L A S :  I f  v a l e s  of ATLSTMT i s  n o t  a m u l t i p l e  of 100  t h e n  i t  
i s  s e t  t o  t h e  n e x t  ( h i g h e s t )  m u l t i p l e  of 1 0 0 .  
MERGEATLAS: I t  copies  f i l e  ATLASDCL and  t h e n  ATLASPROC i n t o  A T L A S .  
. 
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FUNCLIB: Copies u s e r  d e f i n e d  f u n c t i o n  f rom f i l e  FLIB 
i n t o  ATLASDCL. 
CONVT(T1: C o n v e r t s  t h e  i n t e g e r  T  t o  c h a r a c t e r  s t r i n g  
c o r r e s p o n d i n g  t o  T  and r e t u r n s  t h e  s t r i n g .  
6 . 5 . 2  OVERVIEW O F  CONVERT 
T h e r e  a r e  a number of  r o u t i n e s  f o r  v a r i o u s  s u p p o r t  
p u r p o s e s  e n c l o s e d  i n  p r o c e d u r e  CONVERSION. Most o f  them are 
f o r  c o n v e r s i o n s  l i k e :  f l o a t  t o  c h a r a c t e r  s t r i n g ,  f i x e d  b i n a r y  
t o  c h a r a c t e r  s t r i n g ,  c h a r a c t e r  s t r i n g  t o  f i x e d  b i n a r y  r e p r e s e n t a t i o n  
e t c .  
C O N V I D ,  C O N V D I G ,  CONVTST c o n v e r t  t h e  NOPAL i d e n t i f i e r s  
t o  p r o p e r  i d e n t i f i e r s  i n  EQUATE-ATLAS. F o r  example:  ' - ' i n  
NOPAL i s  c o n v e r t e d  t o '  '- i n  EQU~T~-ATLAS'. 
DIAGSEARCH (TESTSEARCH) a r e  g i v e n .  d i a g n o s i s  ( t e s t  module)  
s t o r a g e  e n t r y  and r e t u r n  t h e  number a s s i g n e d  t o  t h e  p a r t i c u l a r  
d i a g n o s i s  ( t e s t  module)  by  t h e .  code  g e n e r a t o r .  They a r e  u s e d  
p r i n c i p a l l y  by  CDETEST. 
APPENDIX A: A COMPLETE SET OF REPORTS FOR THE M I N I R A D I O  EXAMPLE 
I n  o r d e r  t o  f a c i l i t a t e  t h e  d i s c u s s i o n  o f  t h e  v a r i o u s  a s p e c t s  
o f  t h e  NOPAL l a n g u a g e  and d e m o n s t r a t e  i t s  u s a g e ,  a  s a m p l e  t e s t  
s p e c i f i c a t i o n  i s  p r e s e n t e d  be low.  T h i s  s p e c i f i c a t i o n ,  r e f e r r e d  t o  
a s  HINIRADIOSET, a l o n g  w i t h  a  v a r i e t y  o f  r e p o r t s  p roduced  b y  t h e  
NOPAL p r o c e s s o r  i s  p r e s e n t e d  be low.  
T h i s  example d e s c r i b e s  a  s p e c i f i c a t i o n  c o n s i s t i n g  of  s i x  t e s t s  
o n  a  r a d i o  s e t .  
I t  b e g i n s  w i t h  t h e  s p e c i f i c a t i o n  o f  s i x  t e s t s  (DC- input ,  
a m p l i t u d e ,  2 w - a u d i o - d i s t o r t i o n ,  d i s t o r t i o n - r e f e r e n c e - v o l t a g e ,  f r e q u e n c y ,  
and . l o w - a u d i o - d i s t o r t i o n )  t o g e t h e r  w i t h  a l l  the .  ' m e s ~ , a . ~ e ~  r e f e r r e d  t o  - 
* 
i n  t h e  t e s t s .  T h e n  i t  i d e n t i f i e s  th 'e  U U T  c o n n e c t i n g  p o i n t s  and  
component f a i l u r e s .  F i n a l l ' y ,  t h e  ATE f u n c t i o n s  and i n t e r c o n n e c t i n g  
p o i n t s '  a r e  d e f i n e d .  
I* REFORRATTED S P E C I F i C A T I O N  REPORTI' F I L E :  SOURCE2 * f  
/ * * * * * * * * * * * * * * t * * * * t * * * t * * * * 1 ) * * * * . 5 t ~ * * * * * * * t * * * * /  
/ + */ 
f *  NOPAL T E S T  S P E C I F I C A T  C O N  F O R  M l N I R A D I O S E T  * /  
I* / /************** * * * * * * * * * *~** * t t * * *~** t * t * * * * * * * * * * /  
N O P A L  S P E C I F I C A T X O N  R I N I R A D I O S E T ;  
f * * b * * * * t * * * * + t * * * * t * * t * * t * ~ t * * t * * * I t * ~ * * * * * * * * * * J  
/ + / /* T E S T  MODULES: 6 * I  
I* * I 
/*******t*********************t******t******t****/ 
T E S T  DC-INPUT; 
CONJUNCTTON S !4 -Y0301  <sH-DC-INPUT): 
( ( ~ 2 4 - 8  1 J24-C> OHR'4 ETERCWRES OHM ) I  
TARGET: W RES; 
, 
A S S E R T I O N  SP-b0002CSM-DC,INPUT): 
MRES > 100 
--- SOURCE: RRES; 
. 
D I A 6 N O S X  S I N  F-SHORTED: 
OPERATOR FESSAGE: 
A F F E  CTED C~%PONENTS=INPUT-SHORT, 
TYPE =SHORTED_RS6; 
D I A 6 h O S l S  D I  SPLAY: 
OPERATOR NESSAGE: 
UTHE ti PARABET ERS=CMR ES 9 ' OH#S'lr 
TY PE =TEXT; 
TEST IIPIPL; 
I* N U L L  S T X Y U L I  */ 
ASSERTION s r-uaooi ( s n - A n P L )  : 
V - S I N  J 3.26 +- 0.06 
SOURCE: V-SIN; 
FIGURE A.1 :  MINIRADIOSET NOPAL SPECIFICATION 
O I A 6 h O S f  S SH OW-REAS: 
OPERATOR YESSAGE: 
OTHE f i  PARAMETERS=(V-SIN,  'VRNS'), 
TYPE=TEXT; 
D I A G N O S I S  FR EQ-TOL: 
OPERATOR YE SSASE: 
. . AFFECTED COXPONENTS=ARPL-TOLCSTD-SRHZ-FRE> OTHE C P A R A M E T E R S ' C ' ~  FIPLIFIER~) , /- 
TYPE=FREQ-TOL-HS6; . / 
T E S T  DISTORT-2Y;  
CONJUNCTION I S - U 0 0 0 1 ( S S - D I S T O R T  2): 
( < ~ 2 4 - 8  G N D >  = P U R - S U P P L Y T Z ~ . ~  VOLT 1) i 
= S l G N ~ L _ A ~ ( 2 5 * 6 0 2  H H Z  , + I 3  0 8  r O  % KHZ 1); 
C O N J U N C T I O N  SM-WOOCl CsM-DIS TORT-2): 
( (J I9-L I Q N D >  = O I S T O R T I O N ( Y - D I S T O R T  X . l  K H Z  1) 
' TARGET: R-DISTORT; 
DIAGNOSIS DI STORT-PRNT: 
OPERATOR PESSAGE: 
OTHE ii PARAHETERS=( I r l -DISTORT ' X ' )  1 
TYPE =TEXT; 
D I A G N O S I S  HI - D I S T O R T I O :  
OPERATOR EESSAGE: 
A F F E  CTED C O ~ P O N E ~ T S = D I S T O S T C A U D I O ~ ~ W  1. 
OTHE fi PARAf lETE i iS= ( '  ZW'. 5.0). 
TYPE =DX STORT-U S6; 
T E S T  D ISTORT-VOLT;  
CONJUNCTI~ON f S-U0001 (DCV-AMS): 
<<JZb-Be 6 N D >  ' P u R - S U P P L Y < Z ? * ~  VOLT 1) g 
f<J16> = S I G N A L - A U < Z S * L O Z  HHZ , + I 3  DB 90 2 9 1  KHZ )>; 
FIGURE A.1:  (continued) 
C O N J U N C T I O N  f H - l d 0 0 0 1  < S M - D I S T O R T - V  >: 
( C J 1 9 - A  GND, = S I N E - U A V E ( V R H S  V O L T  l* ,O S E C  >I 
TARGET: VHR S;. 
A S S E R T I O N  A 2 c S R - b  ISTORT-V ) :  
V R N S  <= 2.8 
. . SOURCE: VRHS; 
D I A C k O S I S  UA I T :  
OPERATOR RESSAGE: 
TYPE =TUNE-#SG I 
T I R E =  O m O O O O ~ E + O O S E C  I
RESPONSE =?; 
O I A C N O S I S  VRAS-PRNT: 
OPERATOR WE SSAGE: 
OTHER PARARETERS=(VRPIS*  ' V A C e I v  
TYPE =TEXT; 
D I A G N O S I S  VR F S - F A I L E D :  
OPE RATOR ME SSAGE: 
A F F E C T E D  C O ~ P O F r E N T S ~ R E F ~ V O L T ( A U D I O , l O R Y ) l  
.TYPE SVRRS-MSG; ' 
TEST FREQ; 
C O N J U N C T I O N  S S - U 0 0 0 1  i D C V  1: 
( (JZC-8  1 GND> = P U R - S U P P L Y ( 2 7 m S  V O L T  1); 
R E A S U R E R E N T  SU -FRE OCFREQ); 
C O N J U N C T f  ON S H - U 0 0 0 1 <  SM-FREQ): 
( ( ~ 2 2 9  GND> = S I N E - W A V E ( J - S I N  V O L T  * E R E 0  HZ r D E L A Y - T I H E  S E C  I> 
TARGET: F R E Q  r V - S I N  
SOURCE : D E L A Y _ T I M E ;  
A S S E R T I O N  S F-uOOOZ(SM-FREO)  : 
I F  D E L A  l,TIPlE=6G THEN 
F R E C  = 5E+S6  +- 60 
ELSE 
F R E C  = 5 E + 0 6  +- 2'.5 
SOURCE: F R E Q t  D E L k Y - f  IRE;  
F I G W  A . l :  (continued) 
D I A G t i O S I S  6E T - D E L A Y - T I :  
OPERATOR MESSAGE: 
TYPE =WARflUP-H SGr 
f XME = O.G303GE+OOSEC , 
RESPONSE = ( D E L A Y - T I R E  ); 
D I A ~ ~ J O S I  S FR EO-TOL-FA I :  
OPERATOR PESSAGE:  
A F F E C T E D  COMPOt~ENTS=:FREQ-1 OL(STD,SHHZ-FRE) 
OTHE R P A R A H E T E R S = ( * F R E Q ~ ) ,  
TYPE 'FREQ-TOL-MSG; 
DIAGNOSIS FREQ-PRNT: 
OPERATOR MESSAGE: 
OTHE f i  PARAHETERS=(FREQ, fl HZ'), 
TYPE =TEXT; 
T E S T  D I S T O R T - l O n Y  ; 
C O N J U N C T I O N  f S - Y 0 0 0 1  ( 5 s - D ~ S  TORT-1 1: + 
< < ~ 2 4 - B  9 G N D >  = P Y A - S U P P L y C Z 7 . 5  V O L T  ) >  g 
( (J l6 ,  = S I G N A L - ~ n ( 2 5 m 3 0 2  MHZ , + I 3  D 8  X r l  K H Z  1); 
MEASUREMENT SR _ D I  STORT-1  C D I  STORTt lOMol  >; 
CONJUNCTION S M - U U O O ~  ( ~ ~ - D I S T O R T - I  1: . . 
<<J19-A GND, = D I . S T O R T X O N ( 3 - D I S T O R T  % ,2 K H z  ) ?  
TARGET: M-D ISTORT;  
A S S E R T I O N .  S P - ~ 0 0 0 2 ~ S R - D I S T O R R T f 1 ) :  
n - D I S T O R T  <= 3 
SOURCE: M-DISTORT;  
I*** . F O L L O Y I N G  D I A G N O S I S  ALRE.ADY D E F I N E D  B E F O R E t  
D I A G N O S I  S D I STORT-PRN T: . 
OPERATOR RESSAGE:  
OTHER PARAHETERS=(R-DXSTORT,  # X e ) ,  
TYPE =TEXT; 
+**/ 
D I A 6 t d O S I S  A U D I  0 - D f  STOR: 
OPERATOR NES SAGE: . 
A f  FE CTED C O ~ ~ P O N E N T S = O I S T O R T ( A U D I Q ~ ~ ~ ~ ~ ~ , ~  9 
OTHE Fi P A R A N E T  ERS=(' 10MW ' 9  1-0) 
TYPE = D l  STORT-MSG; 
/ i * . t t * + * * * r * f * t * * * * + * + * * ~ * ~ t t t ~ * * ~ t ~ t * t t c ~ * * * * ~ * * * /  
/* / /*  M E S S A G E S  ' * /  
FIGURE A . l :  (continued) 
MESSAGE SHORTED-M S t :  
TEXT='RIT D C  I N P U T  SHORTED J 2 4 - B I J 2 4 - C  'r ' A N I C R C - ~ Q ~  DEFECTIVE.  CHECI  P 
R I~TOUTS F O R  D E F E C T S  :, 'PRESS STOP.'; 
MESSA6.E TEXT: A L  IAS=DISPLAV,  
f ~ X l = @ c P l ) :  C P Z )  '; 
MESSAGE FREQ-T OL-MSG: 
T E X T ~ ~ ( C )  DEFECTIVE..o, *S.O RHZ STD. OUT OF (P)  TOLERANCEmO; 
MESSAGE DISTORT-M S6: 
TEXT= '<P l )  AUDX 0 D ISTORTION GREATER THAN (PZ)  PERCENT^^; 
HESSACE TUNE-MSG: 
TEX.T='TUNE RECEIVER: M C  g KC CONTROLS TO 2 5 0 0 0 0 . ~ ~  'ADJUST AUDIO  6 A I N  CO 
NTROL FCR 2.2 TO 2.8 VAC', '(2.5 VAC NOUINAL) .  PRESS YES.#; 
RESSA6E VRES-hS6 2 .  
TliXT=' lO # W  DISTORTION REFERENCE VOLTAGE FAILED~~; 
. RESSAGE UARflUP-HS G: 
TEX.T=*IF A 12 MINUTE YARRUP IS DESIRED, ENTER IN 720; ' .  * OTHERYISE~ KEY 
I N  60. PRESS YESm*; 
COWP-FA1.L 1.: INPUI-SHORT; 
COUP-FAIL  2: STD-S*HZ-FRE, F A I L U R E  FUNCT ION=FREQ-TOL, f N D E X z l ,  PROTECT=<1); 
CORP-FAIL 3: STD-%HZ-FRE, FA ILURE FUHCT ION=AHPt-TOL, I NDEX=2 PROTECT=(l);  
COPP-FA I L  6: A U D I  C - 1  OBW, F A I L U R E  FU?4CTION=REF_VOLT, PROTECT=( l ) ,  
C O U ~ E N T S =  'DISTORTION R E F  VOLT'; 
COMP_FAXL 7 :  A U D I  O - lOnYv  F A I L U R E  FUNCT I O N = O I S T O R T ~  PROTECT=<l ,  6); 
COUP-FAIL  0 0 6 0 0 :  AUDIO-ZW, FA ILURE FUhCTION=DIS.TORT; 
/ * * * * * * t * * * * * * * ~ * * * * * * * * * * * * * n * * * * * * * * * * * * * * + * * * * /  
I*  1 
I*  UUT CONNECTION POINTS  * I  /* * I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FIGURE A.1: (continued) 
UUT-POINT 2 :  J24-8,  A L I A S = X J ~ S - B ,  C O N ~ U E C T O R = ( ~ ~ U L T I P L E .  8) 
L I M I T = ( V O L T ,  3.50000E+01,  2.OCOOOE+Ol, GND); 
UUT-POINT : J26-C, ALIAS=6tuD. CONNECTOR=<MULTIPLE, C); 
UUf -POI  N T  : J16, CONNECTOR=(COAXIAL, 1 ,  
t I M l T = < U V C L T s  1 -UOOOSE+O2, 0-OOOOOE+OO, 6ND1, 
C O K W E ~ T S = '  COAXIAL CABLE'; ' 
UUT-POINT : J19-L, L I M I T = ( V O L T ,  7-OOOO(IE+Ol r 0m0O0OOE+0O1 GND); 
UUT-POINT : J1O-A, ' L IM IT= (VOLT I  5eOOOOOE+OOI 0 . 0 0 0 3 0 E + O O ~  6ND); 
UUT-POINT : A221 L I M I T = < V O L T ,  ?mOOOOOE+Ol p 0 .OOOOOE+OOr 6ND); 
UUT-POINT t J19-B* AL IAS t6ND;  
\ 
/ * + ~ t * t * t * t * + * t * + * t * * t * b * * * t * t t  k**Ct+*ikt*********t 
I* / /* ATE FUNCTIONS I 
/+ / 
FUNCTION 20: OHlRETER, FUNCTION T Y P E t q ,  CP INSZ  2.  
PARAN-"= (X I  TI L INLT=<OHMI  1 0 0 0 0 0 E + 0 3 ,  1 m00000E+00)) ;  
F U N C T ~ O N  1 2 6 :  AflPL,TOL, FUNCTION TYPE=F? , 
. PAPAM_O~=. (COMPONEN T,  5); . . 
FUNCTION $ 6 :  P ~ R - S U P P L Y ,  FUNCTION TYPE=S,  #PINS= 2, 
PARAR-@I= (X, Sg L I M I T = ( V O L T ,  6 m30000E+01  r 0m00003€+00) ) ;  
FUNCTION 5 G :  S I6NAL-AN, A L I  AS=SAH, FUNCTION TYPE=SI r P I N S =  1 
PARA?4-91= (XI . S ,  LI !41T=(RHZI  lmGQCQOE+C2r 1 .OOij30E-Ol)).  
PARAR-OZ= (Y ,  S, L I R l T = ( D a  - 1 m 0 0 0 3 0 ~ + ~ i  ,' -1 -SOOSOE+02)) , 
PARAH-03'- (Z ,  S, L I M f f = ( Z I  1-0OOOOE+fS 9 -1 mOOOOirE+7S) , 
. PARAM-04' ( Y ,  Sv L IM IT= ( iCH  2 1  1 m50irOOE+01 r 1 eOOrjg0E-01)); 
FUNCTION 4G: D ISTORTION,  FUNCTION TYPE=R, $ P I N S =  2 
PARAM-Ol=<X, T, L f  H l T = ( % w  l - O 3 0 0 0 E + 7 5 ,  -1 m0000GE+7S)). 
PARAN-OZ=<Y, SI LPIQIT=(KHZ,  1 - 0 0 0 0 0 € + 0 2 1  0 - 0 0 0 2 O E + 0 0 ) ) ;  
FUNCTION 1 4 0 :  D ISTORT, FUNCTION. TYPE=Fo 
PARAMqI=.(COmPONENT, S); 
FUNCTION 3 ~ :  SINE-UAVE, AL IAS=SINE-DELAY,  FUNCTION TYPE=a, s P I N S =  2, 
PARAM-31= ( X I  T, L IP I IT=<VOLT I  1 mCOOO!YE+Ol 9 -1 - ~ O b ~ O ~ E + ~ ? ) )  , 
PARAM-OZ= ( Y r  T, L I  WIT=(MHZv 1 - 3 O l j O O E t O 1 ~  0 m 3 0 I r ~ 0 E + O O ) )  , 
PARAFl-O3= ( 2 ,  S.1 L I M I T = ( S E C ,  1mQOPJ!lGE+75r - 1 . 0 0 ~ 0 0 E + ? 5 ) )  t 
CORHEkTS=*AHPL., F REQ-, T I R E  DELYDI;  
FUNCTION 13.0: REF-VOLT, FUNCTION TYPE=Fs 
FIGURE A . l :  (continued) 
FUNCTION 11 0 :  F REY-TOL, FUNCTION TYPE'F I 
P A R A R _ O I =  (COHPONENT, S); 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *c *c * * * * * * * * * * * f  
I / 
I* A T E  CONIUECTION POINTS * f  
I* +I 
f**************~*******t************************* '~ 
ATE-POINT Z .  ATE,J24B, UUT-PO INTS*CJ26-8); 
END #INIRADIOS.ET; 
FIGURE A.1: (continued) 
CROSS R E F E R E N C E  AND A T T R I B U T E S  REPORT 
nAnE 
t--- 
A R P L  
DEF NO. 
--- ---- 
9 
A T T R I B U T E S  A h D  R E F E R E N C E S  
--_---------------------- 
T E S T  L A R E L  
10 12 
A T E - F U N C T I O N  I D ,  F 
1 4  68 
A T E - P O I N T  I D  
D I A 6 h O S I S  L A B E L  
4 9 
CONPOHENT I D  W I T H  F AILUit E-FUNCTION: R E F - V O L T  
3 3 
A U R I  OIIOFIY 
AUDIO-ZW 
CONPONENT I D ,  Y I T X  F A I L U R E - F U N C T I O N :  D I S T O R T  
5 1 
CORPON ENT I D I  W I T H  F A I L U R E - F U Y C T I O N :  D I S T O R T  
2 2 
ASSERTION L A a E L  
A S S E R T I O N  L A B E L  
T E S T  L A G E L  
3 6 
S T I M U L U S  L A B E L  
3 6 
S T I U U L U S  L A B E L  
2 5 
V A R I A B L E  ID 
38 39 
D I A G N O S I S  L A a E L  
6 
SYNONYR O F  M E S S A G E  L A B E L :  T E X T  
A T E - F U i + C T l O N  ID, f 
. . 2 2  51 70 71 
R E S S A G E  L A B E L  
22 51 
D I A G l u O S I S  L A ' B E L  
21 49 
T E S T  L A B E L  
24 26 30 
T E S T  L A B E L  
45  *6 49 
T E S T  L A B E L  
16 48 21  
A P E - F U N C T I O N  I D ,  N 
19 47 
T E S T  L A B E L  
35  37 40 
V A R I A B L E  I D  
39 43 
D l  A S N O S I S  L A B E L  
40 
D I A G N O S I S  L A B E L  
1.2 
A T E - F U N C T I O N  I D ,  F 
' 4 2  67 
D I A G N O S I S  L A O E L  
40 
DCV 
D E L A Y - T I R E  
O I S P L A Y  
. D I S P L R Y  , , 
O I S T O R T  
FREQ -Tot . -FAI  
' j'zdijizE A, 21 MfNf RADIOSET NAME - STATEMENT - ATTXIBUTE CROSS REFERENCE REPORT 
MESSAGE L A B E L  
1 4  42 
D I A G h O S I S  L A B E L  
40 
SYNOhYn OF UUT-POINT ID:  J24-C, J19-B 
17 19 2 5  27 36 38 4 5  4 7  59 6 0  6 2  63 6 4  
DIAGNOSIS  L A B E L  
2 1 
D f  A6NO S f  S L A B E L  
6 
HI-0 XSTORTIO 
I N P U T  _SHORT 
UUT-PO I N T  I D  
I7 25 45  
UUT-POINT I D  
27 47 
UUT-POINT I D  
UUT-POINT I D  
19 
UUT-POIN? 1 0  
3 8 
UUT-POLNT I D  
4 .I7 25 36 45  81 
UUT-POINT I D  
4 
VARIABLE  10 
20 so 
V A R I A B L E  1 0  
4 8  50 
S P E C I F I C A T I O N  - LABEL  
82 
. V A R I A B L E  I D  
5 8 
ATE-FUkCTI0.N I D ,  N 
4 
ATE- fUhCT ION 10, S 
17 25 36 45 
ATE-FUNCTIOH I D 1  f 
33 69 
SYNO&YR OF ATE-FUNCTIOh I D :  SIGNAL-AH* S 
HESSACk L A B E L  
7 
OIAGNOSIS L A B E L  
1 2  
ATE-CUiJCTION I D ,  S '  
17 25  45  
SYNONYM OF ATE-FUNCT I O N  I D :  SINE-WAVE, -n 
ATE-FUhCTION ID ,  U 
27 ' 39 
COnPON ENT I D  1 WITH FAILURE-FUNST I O N  : FR.EQ-TOL 
4 2 
COHPON EN7 10. WITH FAILURE-FUNCTION: AHPL-TOL 
1 4  
MESSAGE LABEL  
8 13 32 43 SO 
.MESSA6E. LAUEL 
I - 0 1  STORT 
' O H M  ETER 
REF-VOLT 
SAW 
SHOR TED-HS6 
TEXT 
FIGURE A. 2: (continued) 
3 1 
V A R I A O L E  I D *  GLOBAL 
13 11 
V A R I A B L E  I D  
2 8  29 32 
D I A G k O S I S  L A B E L  
3 0 
R E S S A G E  L A B E L  
3 3 
D I A G N O S I S  L A E E L  
3 0 
D I  A G h O S I S  L A B E L  
3 0 
MESSAGE L A B E L  
4 1 
SYNONYH O F  U U T - P O I N T  I D :  J2&-8 
COUPON ENT/ F A I L U R E  S E Q P  
6 7  68 69 70 
COMPOY S W T / F A I L U R E  S E Q X  
C O F l P O N E V T / F A I L U R E  S I Q S  
COHP3MEttT /  F A I L U R E  S E Q #  
7 0 
C O R P O N E N T / F A I L U R E  S E Q P  
FIGURE A.2: (continued) 
. -. 
SUMMARY C R O S S - R E F E R E N C E S *  F I L E :  X R E F 2  --- D I A 6 N O S E S  C=> T E S T - R O D U L E S  
B I A C N O S I  S 
. --------- 
I N P - S H O R  T E D  
O I S P L I Y  
SHOW -PEA S 
FREQ-1OL 
01 S T O R T - P U N T  
HI ,D I S T O R T I O  
WAIT 
VRRS - P R N  T 
V R R S - F A I L E D  
6 E T - D E L A Y  -71 
F R E Q  - 7 0 L - F A  I 
F R E Q - P R N T  
AUDX 0 , D l S T O R  
. T E S T - M O D U L E S  
------------ 
O C - I N P U T  
D C - I N P U T  
A n P  L 
AAP L 
D I S T O R T - 2 d  D I S T O R T - 1  OHU 
D I S  TORT-ZW 
D I S T O R T - V O L T  
O I S  T O R T - V O L T  
D I S  T O R T - V O L T  
F R E Y  
F R E O  
- F R E O  
. DSS T O R T - l O R U  
FIGURE A.3: ,OTHER MINIRADIOSET CF2OSS REFERENCE REPORT 
' 1LE:  X Y E f Z  --- RESSA6ES <=> O I A 6 N O S E S  <I> T E S T S  
BIACWOS ES ' I E S T  -RODULES 
-------- 
---------- 
. D C - I h P U T  IMP-S~OPTED 
D I S Y L A V 1  SHOW-REAS* VRRS-PINT,  FUEO-PRNT* DC-li*PUT* D1sTORT-VOLT* f R E a *  D I S T O R T -  
D ISTORT-PRNT DISTORT- lORW 
I R E Y - T O L *  FREQ-TOL-FA1 AIPL. tREO 
H I , O I S l O R T I Q .  A U D 1 O ~ D f S T O l  D I S T O R l - 2 U  * PISTOUT-1OUU 
WAX1 D I S T O R T - V O L T  
YIIS,FAXLED ' e~sronr -VOLT 
CET,DELAl,T I f REP 
. 
FIGURE A.3: (continued] 
1: I N P U T _ S H O R T  
2: FREQ-TOL(STD-S3HZ -FRE) 
3: AHPL-TOLCSTD-SXHZ -FRE) 
6: RE F-VOLTCAUD 10-ICRW) 
7: 0 I S T O R T < A U D X 0 - 1 3 f i ~ )  
00600 t DISTORT (AU310-2U)  
DIAGNOSES ' 
-------- 
IhP-SHCRTED 
FKEc-TOL-FA1 
FREid-TOL 
VkMS-FAILED 
AUDIO-D ISTOH 
HI -DISTORT10 
AFFECTED-CORPONENTS <=> DIAGNOSES <=> TESTS 
TEST-RO DULES 
--.--------- 
DC-INPUT 
FREQ 
AnPL 
D I S T O R  i -VOLT 
P I S T O R T - l 0 n d  
DXSTORT-2U ' 
FIGURE A. 3 : (continued) 
SU2KARY CROSS-REFERENCES. F I L L :  *REF.?  --- U U T - C O N N E C T Z N ~ - P O ~ N T S  <a> TEST-NODULES <=> ATE-CONNECTIN6-POXMTS 
UUT-CC#NECTI&G-POIkT  TEST-RODULES ( S I M )  ATE-CONNECTING-POINTS 
--------------- ---------------- -UI-- I I - - -p--UII  . 
J24,BIXJZb-B ' DC-INPUT (fl) + D ISTSRT-2Y ( S  r D I S  TORT-VOLTCS). A T E - 4 2 4 8  
FkEUCS) * DISTORT-1Of iU ( S )  
J2*,C/C#D DC- INPUT(3 )  r D  ISTORT-2U ( S  1 9  DISTOR'T-.?Y<A>. 
DIS;ORT,VOLT ( S ) r  DISTORT,YOLT(N)r FPEO<S). 
F i E b l X ) ,  D ISTORT-70EU (S). DISTORT-lOMU(M) 
~ 1 6  O I S T O ~ T - ~ ~  t s )  . OISTURT-VOLT~S) ,  
D I S  TOkT-13ftd CS) 
J I 9 - L  ,DISTORT-2Y tP.1 
J l V - A  DISTORT-VOLT<X).  D ISTORT- lOAY (Ma 
J22 FrZEb<(l> 
419-816HO DlSTORT,2U C S )  DXSTORT-ZY 9 D ISTORT-VOLT (S). 
D ISTORT-VOLt (R) .  FREO<S)*  F R E P ( R I 9  
O IS tORT, lON~<S)  . DISTORT-IOHU < # >  
FIGURE A.3: (continued) 
SUMAARY CROSS-REFERENCES F I L E :  XRE F2 --- A T E - F U N C T I O K S  <'> .TE$T-MODULES' 
A T E - F U N C T I O N   TYPE TEST-MODULES CS I t41  
----------------- ----------------- 
O H n A E T E R I  # DC- IWPUTC%)  
PY R-SUPPLY i S D I S T O R T - 2 %  < S )  1 D I  S T O R T - V O L T < S > m  F R E Q < S ) .  D I S T O R T - l O R U  <S) 
S I C N A L - A N / S A X v  S  O ISTORT12U CS) 1 D f  S T G R T _ V O L T < S ) r  D I S T O R T - l O M Y < S )  
D I S T O R T I O N t  M D I S T O R T  -2U (K)  t D I S T O R T - I O R W C R )  
S I ~ E , U A V E / S I ~ E - D E L A Y ,  n DISTORT-VOLT CM) FREO C R )  
FIGURE A. 3 : (contf nued) 
ULIG~~TLD ADJACENCY I A T R I X  FOR NOPAL S P E C I F I C A T I O N  M I N I R A D I O S E T  
O C - I  NPUT 
ARPL 
oIST(IRT,ZV 
O I S T O R T _ U O L T  
FREQ 
OIS lORT-1ORW 
IWP-SHORTED 
O I S P L A I  
S H U Y - W A S  
CREC-TOL 
DISTORT-PPNT 
h I , D I S l O i t T ~ 0  
b 4 1 T  
VPAS,PRNT 
UAhS-FA I L E D  
CET,tELAI,TI 
# R i a - T O L - F A 1  
FOEG-P i *  I 
r u o r o g x s t o ~  
Y,SIh 
. I  o i o  i 8 
. !. VEC TGR 1 I N D E X  
1 
. 2  
3 
4 
5 
b 
7  
. a 
9 
1 0  
11 
1 2  1s 
1 4  
1s 
1 6  
1 7  
:t . 
2 0 
ORDER B A L K .  - 
VECTOR 
1 '  0 
7 1 
8 1 
s 2 
16 3 
17 3 
18 3 
20 3 
2 4 
3 s 
4 s -  
9 5 
1 0  5 
' 12 6  
13 6 
14 6 
15 - 6  
6  7 
I1  8 
19 8 
1 1 1 1 1 1 1 1 1 1 2  
l 2 3 4 S b T d 9 0 1 2 5 4 S 6 7 8 9 0  )-a-5-a--i--a--S-iS'ii-S"i"Ti-~--~--'j-~-'o'oaaa666--iS 
T  E S T  ( 0 0 9 9 0 9 0 J 1 1 1 3 0 0 0 0 0 0 0 0 0 0  
T E S T  I 0 0 0 0 0 0 0 0 0 0 1 1 1 3 0 0 0 0 0 ' 0 0 0  
T E S T  ~ 0 0 0 0 0 J 0 0 0 0 0 0 1 1 1 1 1 3 0 0 0 0 0  
T E S T  I 0  0 0 ' 0 0  0 0  0  0  0 0  0 0 0  0 1 1 1 3 1 1  0  1 
T E S T  I 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 ~ 0 0 0 1 3 0  
Q I A C N U S l S l  O 4 O 4 4 4 O O O O O O ~ O O O O O O O  
O I A b N o S I S l  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
O I l C N o S l S t  0  0  0  0  0  0  0 0  0  0  0  0 . 0  0  0  O 0  0  0 0  
O l h G N C S l S l O O O O O O O O O O O O O O O O O O O J  
O I # L N U S X S I  0  0  0  0  0  0  0  0  0  0 0  0  0  0  0  0  0  0  0  0 .  
or rcnosrs l  o o 0 . 0  o o o o o o o o o o o o o o o o 
D I A b H U S I S I  O O O O O J O O O O O O O O O O O O O O  
O l A b N O S l S l O O o O O O O O O O o o o o o o o o O o  
O l A b N O S I S I  0 0  0  3 0  i 0  0. 0  0  0  0  0  0  0  0 0  0  0  0  
o l A L n o s l s l O O O O O O 3 O O 5 O O O O O O O O O O  
D l A b X u S I S l  0  0  0 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 -  - 
O l A G N t S X S I  o o o o o o o o o o o o o o o o o o o o  
D I A b N O S I S l  O O O O O O O O O O O O O O O O O O O O  
' V A R I A O L E I  0  1 0  0 0  I! 0  G 0  0  0 ' 0  0  0 . 0  O 0  0  0 0 
SEOUEICE O f  P R O t E S S f N 6  FOR N O P l L  S P E C I F f C A f I O N  I I N I R A O Z O S E T  ,$A 2 I 
T Y P E  NAME t 
T E S T  
D I A C k O S I S  
D I A C h O S I S  
T E S T  
D I h C h O S I S  
DIAG~OSIS 
0 1  h G & O S I S  
C L Q B A L  VAR I A B L f  
T E S T  
T E S T  
T E S T  
D l  A6NO S I S  
D I A C I O S I S  
D I A S k G S I S  
D I A C h O S I S  
D I A G N O S I S  
O I A G L Q S I S  
T E S T  
D X I C K O S X S  
01*CYOSXS 
OC- INPUT 
IMP-SHORTED 
D I S P L A Y  
FREQ 
L E T - D E L A Y - f  1 
f R E Q - T O L - F A 1  
FREb-PUNT 
V - 1  I N  
A B P L  
DISTORT-ZY 
D I S T O R T - V O L T  
SHO.-MEAS 
FREU TOL 
FIGURE A.4: INTER-TEST AND INTRA-TEST ADJACENCY MATRICE 
AND ORDER VECTOR FOR MINIRADIOSET 
. .  . 
XNTRA I O D U L t  SEPUENCf N6 DC-INPUT 
ANALYSIS OF THE ADJACENCY MATRIX 
1 2 3 4 5  
- - - - -  
i sn-coo01 CONJULCTION o o o o I 
2 S8,bCbOZ ASSERTION 0 0 0 0 0  
I 3 IhP,SMORTED DIA6NOSES 0 0 0 0 0  
I 4 DISPLAY DIAGNOSES O O O O S  
i S RRES VARIABLE 0 1 0 1 0  
j SEOUEICE OF PROCESSIWC FOR TEST DC-INPUT 
i ORDER VECT ORDER R A ~ K  MINE TTPE ' TEXT 
1YDEX VECTOR 
1 1 0 SM-UOOO~ CONJUNCTIOW ~<JZC-B.  JZ&,C> = OH~(IETER<NRES OHM 
TARSET: IRES; 
! Z 3 6 XNP,SHORTEQ OXACNOSES AFFECTED COIPONIUTS = IN?UT,SIORT. TYPE SHORTED,llSS; 
I s s 1 IRES VARIABLE . LOCAL 
i 4 z z s~,uoc02 ' ASSERFION IRES .a. l o o  
. . SOURCE: IRES; . . 1, . .  . .. . 
I S - 4 '  2 DISPLAY @IACMOSE 6 O ~ N E R  PARAILTIPS-to ONMS'. ~ R E S ~ .  .SYPE - TEXT; 
1 
FIGURE ~ . 4  : (&kt in~€?d)  
ORDER 
VECT ORDER .RAhK 
/ I D E X  VECTOR 
1 3 0 
I N T Y A  ROOULE SEQUENCINS A I P L  
AIALTSIS OF T n E  A D ! A C E M C ~  ~ A T R I X  
1 2 3 4  
- - - -  
ASS€ R T I O N  0 9 0 0  
D I h C I O S E S  a 0 0 0  
DIAGNOSES o a o o  
VARlAbLE 1 1 0 0  
SEQUEkCE OF CPOCESSINS FOR TEST A I P L  
NAR E T V P E  TEXT 
\ FREP-TOL OIA6NOSES AFFECTED COMPONENTS h8PL,TOL<S TD,SKHZ,FRE)r OTHER C A R A N E T E R L ~ <  
* A R P L I F I € I I ' ) ,  TYPE FREPQOL,KSC; \ \ V,SlU Y A R I A E L E  S L O B l L  / SOURCE I 
FIGURE A.4: (continued) 
I U T l A  MOOULE S E O U E N C I N 6  D I S T O R T _ ~ Y  
L N A L Y S I S  O f  THE ADJACENCY R A T R I X  
1 2 3 4 5 6  
- - - - - -  
1 f S-bOGOl CONJUNCTlON 0 2 0 0 a 0 
2 Sn-riCGO1 CONJUUCTION 0 0 0 0 0 1 
5 s M _ b C i i ~ c Z  ASSEPTIGN O o o o ~ o  
4 OISZORT-P/NT 0 1 & 6 N O S i S  ~ O O o O o  
s M1,DISTORTIO D l A 6 N O S E S  O O O O O O  
6 M-DXSTORT V A R I A B L E  4 0 1 1 0 0  
ORGE R 
VECT ORDER a A w u  
ZSOEX VECTOR 
1 1 0 
S I Q U E h C E  O f  P R O C E S S I N S  FOR T E S T  O I S T O R T _ 2 Y  
Y A l l E  T l P t  T E X T  
S S - U 0 0 0 1  COMJUHC~IOU C<JZC_B*  6NOS = CUR-SUPPLYC27.S VOLT >) L (<J lb ,  = 
S I ~ N A L , A M < Z S . O ~ ~  MHZ . + I 3  DB -0 x -1 KHZ >)i . ' 
HI-Dl S T O R J I O  OXA6hOSES AFFECTED. CORPONENTS ? O I S T O R T < A U D 1 O ~ Z U ) .  OTHER P A R A R E T E R S - ( ~  ZU', 
. . 
. S -0). TYPE = D1STOR'I-MSG;- 
SI,YOGOI . CONJUYCTIOU C<J19_L; 6NO> = D I S f O R ~ l O Y ~ M _ D X S T 0 1 f   .-I K H z  
T A R 6 E l t  N,oISTORT; 
N-DI S l O R T  V A R I A B L E  L O C A L  
SR-UO002 ASSERT 108 I,DISTOST <- 5 
SOURCE: I - D  I STORT; 
DISTORT,PRWT O l A C N O S E S  OTHER ? A R A M E ~ E R S ~ ( ~ Z ~ ~  R-DISTORT 1, T W O  = TEXT; 
FIGURE A -4  : (continues) 
ss~.oool 
Sr r -uOGol  
A 1 
A 2  
U A I T  
VRIS-PRNT 
VRRS F A I L C D  
VRNS- 
I N T R A  RODOLE SEOUE N C I N 6  DISTORT-VOLT 
A N A L Y S I S  OF THE A D J l C E N C Y  R A T R I X  
1 2 3 4 5 6 7 8  
- - - - - - - -  
C O N J U N C T I 3 N  0 2 0 0 0 0 0 0 
CONJU!~CTION O 0 0 0 0 0 0 1 
A S S t R T I O H  0 0 0 0 0 0 0 0  
ASSERTION ~ o o O o ~ o o  
DIAGNOSES O @ O O O o O O  
DIAGNOSES 0 0 0 0 0 0 0 0  
D I A 6 h O S E S  O O O O O O O O  
VAR1AM.E 0 0 1 1 0 1 0 0  
SEQUENCE O F  PROCESSING FOR T E S T  DISTORT-VOLT 
OROER 
V f C T  ORDER RANK NAME TYPE t E X t  
I N D E X  VECTOR 
1 1 0 S S _ U O 0 0 1  CONJUNCTION (<JZb,B. 6 k D >  m PYR-SUPPLY(27.5 V O L T  ) >  C(<J16> * 
SX~NAL,AM(ZS.OO~ MHZ , + I 5  D0  -0 X -1 K H z  1,; 
*, 
Z S U Y A l T  DIAGNOSES T Y P E  = TUNE-RSG. T I R E =  0 . 0 0 0 0 J E + O O ~  RESPONSE ?; 
b 2 1 Sl4-UOfl01 . CONJUWC.TIOM. ' (<J~P,A* GND> SINE,YAVEIVRMS VOLT SPC a) 
TARGET: Vans;  
.6 S 3 A f  ASSERTIOW VRRS >= 2.2 
SOURCE: URNS; 
7 4 
. . 
3 A 2  A S S E O T l O N  V P l S  <= 2.8 
SOURCE: vans; 
8 6 3 VRRS-PRY T OIAGWOSES OTHER PARAME~ERL-c* VAC*. VRRS). TTPE r TEXT; 1 
FIGURE A. 4 : (continued) 
DRBER 
YECT ORDER R A h L  
S N D e 1  VECTOR 
1 1 0 
I N T R A  MODULE SEOUENCIN6 PREP 
A N A L T S I S  OF T n E  ADJACENCY M A T R I X  
1 2 3 4 5 6 7 8 9  
- - - * - - - - -  
COYJUICTIGN 0 2 0 0 0 0 0 0 0 
CUHJUNCTlON 4 0 0 0 0 0 0 1 1 
ASSERTIGM 0 0 0 0 0 0 0 0 0  
DIAGHOSES 0 0 0 0 0 0 1 0 0  
DIAGNOSES 0 0 0 0 0 0 0 0 0  
D X A S I C S E S  J O O O O o O o O  
V A R I A B L E  0 1 1 0 0 0 O O 6  
V A R I A B L F  0 0 ~ 0 0 1 0 0 0  
V A R I A B L E  0 0 0 0 0 0 0 0 0  
S E O U E l C t  O F  PROCCSSINC FOR T E S T  f REP 
NAN E T Y P E  TEXT 
SS-MOO01 CONJUNCTION ' C<J2bJe GND, = PYR-SUPPLYC27.5 VOLT )); . 
CEI,DELAV,YI DIAGNOSES TYPE '* WARIIUP~IISGI T IME= 0.00300E+00. RE SPONSE*C DELAY-T IRE);  
'FR€~-TOL,FA~ DIAGNOSES . AFFECTED CO?!PONENlS .* F R E P ~ T O L < S T D - ~ ~ H Z ~ ~ R E ? ~  OTHER PARA)(ETERS-< 
-;a~a*).. TYPE = FR.EO,TOL,MSG; . 
DELA!,TIME V A ~ I A ~ L E  LOCAL 
S R - k O 0 o l  CONJUNCTXON . (<J22, CND> = SINE-M~E(V-SIY VOLT .FI~Q H Z  , b E U Y _ T I M E  SEC > >  
TARGET: FREP. V - S I N  
SOURCE: DELAY,TIME; . 
t 
VREO ' V A R I A B L E  L O C A L  
v - S I  Y V A R I A B L E  GLOBAL I TARSET I 
SR-UO002 ASSERTION I F  DEUY,TIRE=60 THEN tRpQ SE+O6 +- 60 
E L S E  FREQ = S E + 0 6  +- 2.5 
SOURCE: BELAY-TIME, FREO; 
F REQ-?an T OIACNOSES OTHER PARAHETERS-<* HZ*. FREP 3. T V P E  TEXT; 
FIGURE A. 4 : (continued) 
I N T R A  MODULE SEQUENCING DISTORT,lCIY 
ANALYSIS OF  THE ADJACENCY MATRIX 
1 2 3 4 5 6  
- - - - - -  
1 SS,bOOOl CONJUNCTION 0 2 0 a 0 0 
2 S n - b O 0 0 1  C ~ N J U N C T I O N  J 0  0 0 0  1 
3 sn,uo(ioz ASSERTION o o o o o o  
4 D I S T O R T - P I N T  D I A 6 N O S i S  0 0 0 0 0 0  
5 ADDI0,DISIOR DIAGNOSES 0 0 ' 0  0 0 0 
6 I - D I S T O R T  V A R l A b t i  u O l l O 0  
SEOUENCE OF P R O C E S S I N S  FOR T E S T  D l S T O R T - 1 O I Y  
OROE I 
VECT - OROEI d ~ n u  NAIE TTCC T EXT 
1 Y O E X  VECTOR 
1 1 0 SS-~OOOI CONJUNCTION C(J22-8. GND, s PYR,SUPPLV<Z7.5 VOLT 3 )  C C < J l & >  * 
SL6WAL,AR(ZS.G02 MHz . + I 3  DB r O  X r l  K H z  3) ;  
2 5 0 A U D I O - D l  STOP DIAGNOSES l f  FECTED CORPONENTS D I S T O R T  CAUDX0,lGMY > OTHER PARAI IETERS=C6 
1 O 8 d e r  l . Q ) r  T Y P E  s O I S T O R T , M S ~ ~  
- .  C 6 2 .  I - D I S T O R T  V A R I I B L l  . L O C A L  . . . . . 
s s 3 .se-urco.z ASSERTION L,OISTOM <= 3 . 
SOURCE: n-OX STORT; 
P 
4 4 3 bISTORT,PR#T D I A S I O S E S  O ~ M E R . P A R A M E T E R S = C ' ~ ~ ,  I -D ISTORT) .  T  YPE - T t X 7 ;  
. . t 
FIGURE A.4: (continued) 
FLOUCHART REPORT FOR NOPAL S P E C I F I C A T I O N  M I N I R A D I O S E T  
I t ****  F L D u C H A R T  F O R  6 L O B A L  PROCEDURE P l I N I R A D I O S E T  * * a * * /  
B E G I N  H I k I  RADIOSET; 
DECLA iiE A S  C L 3 B A L  VAR SABLES: 
Y-SIN; 
DECLARE AS € V A L  O R  C O ~ T R O L  FUNCTIONS:  
I*  NO E V A L  O R  CORTROL FUNCTIONS * /  
D E C L A h E  AS S T I Y U L U S  FUVCTIPHS:  
S f  GNAL-AH, SkV, PUP-SUPPLY; 
DECLA EE AS MEASUQLNENT FUSCTIONS : 
SI%E-WAVE* SINE-DELAY,  D I S T O R T I O N I  OHRAETER; 
DECLARE A S  F A I L U R E  FUNCTIONS:  
. . 
FREQ-TOLs kE F-VOLT 9 D I S T O R T *  AHPL-TOL; /* EXECUTE S E V E L  0 */ 
PERFOAR T E S T  DC-INPUT; 
I* FXECUTE L E V E L  2 * /  
P t R F O h H  T E S T  FR'EQ; /* EXECUTE L E V E L  4 */ . 
PERFORM TE-ST AHPL; . . 
/*. EXECUTE L E V E L  . 5 */. 
PERF0 AH T E S T  DISTORT-2W; 
P E R F 0  RH T E S ~  DISTORT-VOLT; 
/ EXECUTE L E V E L  ? * / '  : 
P E R F 0  CH TEST DISTORT-1PHY;  
END K I  kf RA D l  OSET; 
FIGURE A.5: MINIRADIOSET FLOKHART REPORT 
. 
E H t ? O E / W A R h i h 6  b'.LZSA L E S  ~ E N E K A T E D  D U R I N G  k O P A L  SY!iTAX A N A L Y S I S :  
* U A R k I h G .  I k  STATCFTENT 1 4 ,  k E A R  f E X T  * S T D - ~ M H Z  - F R E 0 r  NAPIF/ IFITEC;ER U k S  TOO LONG. T R U N C A T E D O  
+YARNI t .G*  I h  S T k T E F ' k N T  21, h E A R  T i X T  ' H I - D I S T O P T I O O ,  N A h E / I h T E C E R  b k S  TOO L O N G *  T R U N C A T E D .  
+ U A R L I k G *  J h  S T A T E P L N T  22*  NEAR T E X T  ' H I - D I S T O R T I O ' ,  N R & E / I N T E G E R  MAS T O 0  L O N G *  TRUNCATED.  
* Y A R N I h G *  I h  S T A T E ?  ~ N T  40 ,  hEkR T L X T  'GET-DELAY-T I ' ,  h A f i € /  1 k T E G E R  WAS T O 0  LONG.  T R U N C A T E D o  
* U A R N I h G t  I N  S T A T E R  ENT 4G.  NEAR T k X T  ' F R E ~ - T o L - F A I ' ,  N A h E l l k T E G E R  b A S  TOO L O N G *  T R U N C A T E D s  
* Y A R N I N 6 *  I N  S T A T E M C N T  41 ,  h E A R  T k X T  'GET _ C E L A Y - T I ' ~  N A k E I I h T E G E R  MAS TOO L O Y G *  TRUNCATED.  
W A R N I N G *  I N  S T A T E R  i N T  4 2 ,  NEAR T E X T  *FREQ-TOL-FAX', NA P I E I I h T E G E R  WAS TOO L i l N G .  T R U N C A T E D *  
* U A R h I h G *  lk S T A T E M E N T  L Z ,  NEAR T i X T  'STD-SMHZ-FRE', k A b E / I N T E G E R  U A S  TOO L O N 6 -  T R U N C A T E D *  
* U A R K I k G *  I N  s T h T t E c N T  4 9 ,  h E A R  T E X T  ' A U D ~ O , D ~ . S T O R ~ ,  N ~ ~ E / I N T E G E R  GAS TOO L O N G *  TR U S C A T E D *  
* W A R h I & G *  I h  S f A T k M E Y T  51.  k E A R  T i X T  'AUDIO-DISTOR', N A h E / I N T E C E R  Y A S  T O 0  L O N G *  T R U h C A T E D *  
* W A P A l t ~ G *  Its S T A T E r i N T  67, h E A R  T k X T  ' S T D _ ~ E ~ H ~ - F R E ' ,  N A k E I 1 N T E G E R  MAS TOO L O N G -  T R U N C A T E D e  
*YARkThG.  I k  S T A T E P E N T  68, NEAR T  E X 1  'STD-SMHZ-FREc, N A k E I I N T E G E R  WAS TOO L O N G *  TRUXCATED.  
* S T A T I S T I C S *  NO* OF S A P  EKRORS G , N O *  O F  U A R N I N G S  1 2  1 N O *  OF S T A T E M E N T S =  8 2  
E ' R ~ O R / W A ~ N I N ~  AESSAG E S  GENERATED DUR I N 6  CROSS-REFERENCE: 
* S T A T I S T I C S *  N O *  OF XHEF  1 ERRORS ' O NO. O F  Y A R N I N G S  ' O 
E R R O R I ~ I A R N I N G  h E  SSAG ES 6 E t l E R A T L D  O l i R I N G  S E Q U E N C I N G :  
* S f l f l . S T I C S *  k O e  OF .SECUENCXNG ERRORS= 01 NO* OF '  WARNINGS '  0 
FIGURE A.6 :  ERROR AND WARNING REPORT FOR MINIRADIOSET 
A - 2 6  
. -. 
B E Q X K  E Q U A T E  PROGRAM ' P ~ I N I R A D I O S E T '  $ 
c *** T E S T  NODULES *** 
c TEST ~ O O U C E  ATLAS 
C NAUE S SUBSCR I P T S  
C 'DC-INP GI' -- 1 
C 'AWL' -- 2 
C 'D ISTOR ' I-ZW* . -- 3 
C 'D I STOR T-VOLT' -- 4 
C . - 'FREO' -- 5 
C 'DISTOR T-10 f iYH -- 6 
c . 
C +*+ D I A 6 N O S E S  +** 
C D I A G N O S E S  A T L  A S 
C N A R E S  S U B S C R I P T S  
c 'INP-SH CRTED' -- 1 
C '0 I SPLA Y' -- 2 
3 c 0 ~ ~ ~ ~ - ~  E A S *  -- 
C 'FREO-T CL' -- 4 
C OD I STOR 1-PRHT' -- 5 
C 'HI -01s TORTXO' -- 6 
C 'bA l T O  -- 7 
C H ~ ~ ~ ~ , ~  RNT' -- 8 
C ' V R ~ S - F  AILED' -- 9 
C 'CET-DE LAY-TI' -- 1 0  
c 'FREQ-TCL-FAI' -- 11 
C -*FRLQ-PRNT' -- 1 2  
c e ~ ~ ~ ~ ~ - ~ x ~ ~ ~ ~ '  -- 13 
C s 
C D E C L A R A T I O N S  OF SYS'TEN V A R I A e L E S  S . . 
. . DE.CLARE D I G I T A L , .  LIST,'SYS.DIAG-FLA~'C~~) S . . 
D E C L A R E  D E C  I C A L .  'SYS .S -T I f iE '  S 
D E C L A R E  .DEC I F A L  'SYS.DUNPIY' I. 
. D E C L A K E  DEC IYhl;, L ISTT 'SYS.aTESTS . I N  C O N J ' < ~ S )  S 
D E C L A R E  D I G  l T k L ,  L I - S T ,  'SYS .TEST'FLAG:'(6) S 
DECLARE DIGITAL, 'SVS.FLAG' s 
D L C L A P E  DEC I Y A t ,  'SYS.TIR', 'SYS.TIHE' S 
D E C L A R E  DEC I Y A L ,  L I S T ,  'SYS .CLOCK'(~J f 
D E C L A R E  D E C i Y A L ,  'SYS.1' S 
D E C L A R E  D I G  I T A L .  'SYS.YIN' S 
c *** C O h S T A N T S  *** S 
DEFINE 'SYS .SELECTED' 1 8'1 Go S 
D E F I N E  'SYS .NOT SELECTED'  9 B'O1' O 
D E F I N E  'SYS .COT TESTED' 9 8'00' S 
DEFINE O S Y S  .TESTED' , e.1~' s 
D E F I ~ ~ E  'SYS .SKIPPED' , B * G ~ '  5 
D E ~ ~ N E  'SYS.~DIACS'  13 s 
DEFINE ' S Y S . ~ T E S T S '  , 6 s 
O E F I N E  'SYS .TRUE0 1 8'1' 1 
D E F I N E  'SYS.fALSE' 1 8'0' S 
C UOT P O I N T  D k F I N I T I O N S  S 
D E F I N E  'J19-b'T GND S 
c U U f  P I N  N A P E  k O T  ASSIGNED:  *J22' S 
c UUT P I N  NARE k 0 1  ASSIGNED:  ' ~ 1 9 - A '  S 
c UUT P I N  h A H E  NOT ASSIGNED:  'J19-L' S 
FIGURE A.7: MINIRADIOSET ATLAS PROGRAM 
c UUT P I N  NAME N O 1  ASSIGNED:  .Jl6' S 
D E F I N E  'J24-C', 6ND S 
D L F I b E  'J24-B', X J 2 4 - B  S 
C f O L L O h I k G  D I S K  F I L E  SHOULD C O N T A I N  T H E  
c B I S S l h G  E C U A T E / b U T  P I U  b D I U  ASSIGNMENTS*  S 
I h C L U D E  "CNXWIN" S 
C RACRO D E F l N I T l O h S  S 
D E F l N E  'PRT ..TIRE', ' S Y S ~ C L O C K ' ( ~ ) ,  " XU:", 
# S Y S  .CLOCK*(2),  "#h:", # S Y S ~ C L O C K ' ( ~ ) ,  "#qv S 
C D E C L A R A T I O N S  F O H  USER DE F I b E D  6 L 0 6 A L  V A R I A B L E S  S 
DECLARE D E C I W A L t  'V-SIN'  S 
e S I S T E X  U T I L l T Y  ROUTINES 5 
D E F I N E  PROC EDURE :GET STIRE' S 
READ ( T I M E  'SYSWCLOCK'( I )  ALL) .  SYS-CLOCK S 
E k D  '6ET m r  I RE' S 
DECLARE DEC I E A L  'SYS . T E H P . O ~ ~  S 
DECLARE DEC I * A L  'SYSmTEHPm02' S 
DECLARE DEC I Y A L  'SYS a T E R P m O 3 ~  - S  
DECLARE DEC I Y A L  'SYS m T ~ ~ P m 0 4 '  S 
DECLARE DEC I Y A L  'SYS e T E ~ P w 6 5 -  S 
DECLARE DEC I R A L  'SYS wTENPwO6- S 
DECLARE DEC I T A L  'SYS sTEHPmO7' S 
DECLARE DEC I M k C  'SYS wTEPlPmO8' S 
DECLARE DEC I P A L  'SYS .TEWP.OP' t 
DECLARE DEC I K A L  'SYS w T E E I P ~ ~  J' f 
DECLARE DEC I r A L  ? S Y S a T E H P * I  I' S 
D L C L A R E  DEC I N b L  'SYSmTEfiPw12' S 
. . DECLARE D E C I M A L  ' S Y S W T E M P ; ~ ~ ~  S . . .  . . 
DECLARE DEC I r A L  'SYSmTEi4Pml4'  S 
DECLARE 'DECXRAL ' S Y S * T E F I P W ~ S '  S 
DECLARE D E C I ~ A L  * . S Y S . T E M P . ~ ~ *  s 
DECLARE DEC I Y A L  ' S Y S * T E H P - ~  7' S 
DECLARE DEC I 9 A L  'SYSmTEMP* l  b' S 
DECLARE DEC XTAL  'SYS wTEMPm19' S 
DECLARE D E C  X Y A L  'SYS .TEMP.~G'  s 
DECLARE DEC I M A L  ' S I S  wTEHPm2 I' S 
DECLARE D E C I W A L  'SYSeTEf lPwZZ'  S 
DECLARE DEC I R A L  'SYS mTE.NPm23' S 
DECLARE D E C I M A L  'SYSmTEMP.24# S 
DECLARE DEC I ~ A L  'SYS .TEMP.ZS# s 
DECLARE DEC I n A L  'SYSa IEP?PmZ6' S 
DECLARE DEC I * A L  'SYS mTEMPw27' S 
DECLARE DEC I Y A L  'SYS mTE#Pm2be S 
DECLARE DEC I R A L  'SYS mTEflP.29' S 
D k C L A R E  DEC I P A L  'SYSmTEMPm3do S . 
DECLARE DEC I Y A L  'SYS wlEAPe3.1 '  S 
DECLARE DEC I R A L  'SYS aTENPw32' S 
c s 
c USER D E f  I N E D  A T E  FUNCTIONS t 
c s 
D E F I N E  PROCEDURE 'OH~~METER'  S 
DECLARE DEC lMAL ,  'OHMHETER WPRHOI' ,  'OHRRETER w C N X O ~  ','OHRUETER W C N X O ~ ~ ,  
FIGURE A. 7 : (continued) 
' A - 2 8  - 
'OHUHET ER .RES'S 
REASURE ( RES 'OHMHETER .PRHO~'  OHM), IHPEDANCE, 
REF-VOLTAGE 1 V, 
C N X  Hi 'OHUl9ETER mCNXO1' 
L O  'OHMI~ETER wCNXOZ' f 
E ~ D  'OHRRETER' S 
c  s 
D E F I N E  PROC EOUkE ' P S U P P L Y ~  S 
DECLARE DEC IYAL.  'PSUPPLY, P&P!O~'~'PS.UPPLY ~CNXO~'~'?SUPPLY~CNX~~'~ 
'PSUPPLI.RE~'S 
APPLY DC-SIGNAL DCZA*  
V O L T 4 6 E  'PSUPPLI .PR#  01' V,  
CNX HI * P S U P P L Y . C ~ X O ~ '  
L O  'PSUPPLYeChXOZ' S 
EMD 'PSUPPLI '  S 
c s 
D E F I N E  PROC EDURE 'VOLTRETER' S 
DECLARE D E C I H A L ~ ' V O L T ~ E T E R ~ P R H O ~ ' ~ ' V O L T # E T E R . C N X O ~ ' ~ ' V O L T U E T E R ~ C N X O ~ ~ ~  
'VOL TM ETER .R ES 'S 
REASUf iE < VOLTAGE 'VOL THETLR .PR3Ol '  V 1, bC-SI6NAi.p 
CNX HI ' V O L T ~ E T E R  .CN X O ?  " 
L O  'VOLT~ETER O C N X ~ ~ '  S 
END 'VOLTRE TER' s 
c DIAGNOSES PHOCS S 
1000 DEFINE P ~ O C  EDURE, 'INP-SHORTED' s 
RECORD . "*** AFTER STEP 1 6 0 6  ATTERPTING D IAGNOSSS 'INP-SHORTEDC 's 
'SYS.kTESTS I N  CONJ'CI) = ' s Y S ~ ~ T E S T S  I N  CONJ'(I> - 1 S 
COMPARE 'SY S.-lTESTS I l i  CO&J'<1), L E  0 S 
6 0 1 0  S T E P  1010 I F  NOGO S 
RECORD .AF-TER STEP 1003 SELECT D I A G N O S I S  'INP,sHORTED' "s . . . 
RECORO " .  !L: R / T  DC. I N P U T  SHORTED J 2 4 - R I  J 2 4 - C  . !L' A N ~ G . R X - ~ ~ ~ .  " e  . 
"DEFECTIVE. CHECK PRIN.TOUTS FOR DE.F'EcTS. !L PRESS S T 0 P w " S .  
'SYS~DIAG-F LAG'; 1) = *SYS.S LLESTED' S 
1010 END 'IHP_SHORTED' S 
C s  
1100 D E F I N E  PROC EDUREt 'DISPLAY' S 
RECORD -*** hF TER STEP 110i) ATTEMPTING D I A G N O S I S  'DISPLAY' 'S 
'SYSm$TESTS I N  CONJ'(2) = 'SYS.CTESTS I N  C O ~ J ' C Z ~  - 1 S 
COMPARE 'SY S ~ S T E S T S  Ik CONJ'<Z), L E  0 S 
6010 S T E P  1110 I F  NO60 s 
RECORU -**+ AFTER STEP 1 1 0 G  SELECT DIAGPlOSIS 'DISPLAY' 'S 
RECORD - !L ( P I ) :  ( P 2 )  S 
'SYS WD 1 ~ 6 - F  LAG'C2) = 'SYSeS ELECTED' S 
111 0 END '0 I SPLA I' S 
C S  
1200 D E F I N E  PROCEDURE, 'SHOU_REASo S 
RECORD -*** AFTER- STEP 1 2 0 3  ATTEMPTING DIAGNOSIS 'SHOU-WEAS' "S 
O S Y S . n T ~ S T S  I N  CONJ'(3) = 'SYS.bTESTS I N  CONJ'(3) - 1 S 
COMPARE 'SY SosTESTS I N  COhJ'(3), L E  0 S 
6 0 1 0  S T E P  1210 I F  NOGO s 
RECORD -*** AFTER STEP l Z 0 U  SELECT D lAGNOSfS 'SHOU,REAS' 's 
RECORO - !L ( P l ) :  ( P 2 )  S 
'SYS.DIA6-FLAG'(3) 'SYS.S~LECTED'  s 
121 o END 'SHOY-REAS' s 
FIGURE A. 7 : (continued) 
D E F I N E  PROCEDURE, 'FREQ-TOL' S 
R ~ C O R D  -*** A F T E R  S T E P  1 3 9 6  ATTEMPTING DIAGNOSIS 'FREQ-TOL' 
'SYS-$TESTS I N  CONJ'C4) = ' S Y S o I T E S T S  I N  CONJ'(4) - 1 S 
CONPARE 'SYSo-TESTS I h  COkJ ' (41,  L E  O S 
6 0 T 0  STEP 1 3 1 0  I F  NOGO 
RECORD **** AFTER S T E P  1 3 0 0  S E L E C T  D I A G N O S I S  ' F R ~ Q - T O L '  "s 
RECORD a !L CC) D E F E C T I V E .  !L 5.0 NHZ S T D *  OUT OF ( P )  TOLERAa. 
aNCE." S 
'SYS-D I A G - F  L A S ' C ~ )  = 'SYS-S ELECTED' S 
END 'FREQ-TCL' S 
D E F I K E  PROC EDURE, 'DISTORT-PRNT@ S 
RECORD -*** AFTER S T E P  1 4 0 6  A T T E H P T I N 6  D I A G N O S I S  'DISTORT-PRNTO "s 
oSYS.$TESTS I N  CONJO<S)  = 'SYS.aTESTS I N  CONJ*(S) - 1 S 
COMPARE ' S Y S - $ T E S T S  I h  C O ~ J ' C S ) ,  L E  0 O 
6 0 T 0  S T k P  1 4 1 0  I F  N o t 0  S 
RECORD -*** AFTER S T E P  1400 SELECT D I A G N O S I S  *DISTORT-PRNT' "S 
RECORD ' !L ( P I ) :  ( P 2 ) ' S  
'SYS mDIAG-F LAS'CS) = 'SY S.S ELECTED' S 
EIUD 'D I STOR 1-PR NT' s 
DEFINE PROCEDURE, 'HI-DISTORTTO' s 
RECORD AFTER S T E P  1506 ATTERPTING D I A G N O S I S  'HI-D I S T O R T  I O e  "S 
' S Y S - & T E S T S  1% CONJ'CC) = ' S Y ~ \ . ~ T E S T S  I N  C O N J * ( ~ )  - 1 S 
CORPRRE 'SYS.PTESTS I h  COhJM(6P,  L E  0 3 
6 0 T 0  S T E P  1510 . I F  NOGO S 
RECORD -+** AFTER S T E P  150d S E L E C T  D I A G N O S I S  'HI-DISTORTIO~ "S 
RECORD !L CP1) A U D I O  D I S T O R T I O N  63EATER THAN ( P 2 )  PERCENT."p 
n m  $ . 
'S Y S O D  I.AG-F lA6'(6) = 'SYSOSELECTED'' S  
E ~ D  .'HI-DIS 'IORTIO' s 
D E F I N E  PROC EDUREI @ u A I T ~  S 
R E C O R D  AFTER S T E P  I C O J  ATTEMPTING DIAGNOSIS 'WAIT@ *S 
' S Y S . t T t S T S  IN C O M J ' ( ~ )  = ' s Y S . ~ T E S T S  I N  c O N J ' C ~ )  - 1 S 
COMPARE 'SY S.aTESTS I h  COhJ '< f ) ,  L E  0 S 
6 0 T 0  STEP 1610 I F  NOGO S 
RECORD -a** AFTER S T E P  1600 S E L E C T  D I A G N O S I S  'uAIT' -s 
RECORD - !L TUNE RECEIVER: nc a K C  c o K r a o L s  TO 2soOOO. !L A', 
"DJUST A U D I t  G A I N  CONTROL FOR 2.2 TO 2.8 VAC !L (2.5 VAC N O H I m p  
- t tAL) .  P f i E S S  YES." S 
W A I T - F O k  RA h U A L - I N T E R V E N T I O N  S 
' S Y S O D I A G - F L A G ' C ~ )  = ' S Y S . S E L E C ~ E D @  S 
END 'WAIT' S 
DEFINE PSOC EOURE. 'URNS-PRNT' s 
RECORD -*** RFTER S T E P  1703 A T T E M P T I N G  D I A G N O S I S  'vRMS-PRNT' "s 
'SYS.:#TESTS I N  C O N J 0 ( o )  = *SYS.$TESTS I N  c O N J ' < ~ )  - 1 S . 
COMPARE 'SYSmn'TESTS I N  C O k J ' ( d ) r  L E  0 S 
6010 S T E P  1710 I F  NO60 S 
RECORD -*** AFTER S T E P  1 7 0 6  S E L E C T  D I A G N O S I S  @VRflS-PRNT' 
RECORD a !L ( P I ) :  ( P 2 )  S 
' SYS*DIAG-F  LAG'C8) = ' S I S - S  t L E C T E D c  S 
FIGURE A.7: (continued) 
E h D  ' V R ~ S _ P R N T *  S 
DEFINE PROCEDURE,  'VRWS-FAILED' s 
RLCORD Y e * *  AFTER S T E P  1 8 0 0  A T T E M P T I N G  D I A G N O S I S  'VRCIS-FA'JLED' 
'SYS~ITLSTS I N  CONJ'(9) = 'SYS-#TESTS IM CONJ'(P) - 1 S , 
COMPARE ' s Y S ~ P T E S T S  I N  COhJ'<9),  L E  0 s 
6010 S T E P  l e i 0  I F  N O 6 0  S 
RECORD -*** l i F T E R  S T E P  1603 SELECT D I A G N O S I S  'URMS-FAILED' 'S 
RECORD " !L 79 NU D I S T O R T I O R  h E F E R E h C E  VOLTAGE F A I L E D * "  s 
'SYSeD I A G - F   LAG*(^) = 'SYS*SELECTED'  S 
END 'VR~S-FAILED' s 
DEFINE PROC EDURE, *GET-DELAY-TI# s 
RECORD '+** A F T E R ' S T E P  l 9 O G  A T T E M P T I N G  D I A G N O S I S  'GET-DELAY-TI0 
* S Y S * # T E S T S  I N  CONJ'(IOI = ' S Y S ~ ~ T E S T S  I N  C O N J e < l O )  - 1 S 
CORPARE * s Y s * ~ T E s T S  I N  COi4J 'C lO)r  L E  O S 
6 0 T 0  S T E P  1910 If NOGO S 
RECORD '*** AFTER S T E P  1 9 0 0  SELECT D I A G N O S I S  #GET-DELAY-T I0  "S 
RECORD " !L I F  A 12  R I N U T E  *ARMUP I S  DESIREDI  ENTER I N  720; '* 
L OT.HERWISEI KEY I N  60 .  PRESS YES* "  S 
I N P U T  'DELA.1-TIRE e' S 
'SYS~DIAG-F LAG'CIS) = ' S Y S ~ S E L E C T E D '  s 
END 'GET-DE L A Y - T I '  S 
D E F I N E  PROC EDURE. ' f  R E Q - T O L - F A I ~  S 
RECORD "*** A F T E R  S T E P  2 3 0 ~  ATTEMPTING DIAGNOSIS 'FREG-~OL-FAI' *S 
' SYS*CTESTS I N  COtdJ ' ( I 1 )  = ' S Y S ~ ~ T E S T S  I N  C O N J ' ( ~ ~ )  - 1 S 
COEPARE ' S Y S ~ J T E S T S  IN CONJ~(II) ,  L E  o s 
6010 S T E P  2 0 1 0  I F  N O 6 0  S 
RECORD "*** A F T E R  S T E P  2SGO SELECT D I A G N O S ~ s  'FREQ-TOL-FAI' -S . 
RECORD a !L ( C )  D E F E C T I V E *  !L 5.0 ZIHZ S T D *  OUT. OF (P) ' TOLERAmr  
'EiCE.' S 
o ~ ~ ~ . ~ ~ ~ ~ - ~  LAG'CII) = *SYS.SELECTED.~ s 
E ~ D  'FREQ-TCL-FAX' s 
D E F I N E  PROC EDORE, 'FREQ-PRNTo S 
RECORD '+** AFTER S T E P  2 1 0 0  A T T E R P T I N S  D I A G N O S I S  'FREQ-PRNT' "S 
' S Y S O X T E S T S  I N  C O N J e ( l Z )  = ' S Y S * r T E S T S  I N  CONJ' (12)  - 1 S 
CORPMRE 'SY S O ~ T E S T S  l h  C O # J ' ( 1 2 ) r  L E  0 S 
6 0 T O  S T E P  Z T t O  I F  NOGO S 
RECORD A F T E R  STEP 210ir S E L E C T  DIAGNOSIS 'FREQ-PRNT' "s 
RECORD ' !L (P1) :  (P2 )  5 
* S Y S * D I h C - F  LAG'(12) = 'SYSOSELECTED'  S I 
E ~ D  'FREQ-PCNT' S 
DEFINE PROC EDURE, o ~ ~ ~ ~ ~ - ~ ~  S T O R *  s 
RECORD "*** AFTER S T E P  2200 A T T E R P T I N G  D I A G N O S I S  'AUDIO-DxsTOR* "S 
' S Y S ~ P T E S T S  I K  ~ O t i ~ ' ( 1 3 )  = 'SYSe2TESTS I N  CONJ' (13)  - 1 I 
COlrPARE 'SY S - * T E S T S  I N  COhJ ' (13 ) ,  L E  0 S 
6010 S T E P  Z Z l O  I F  N O 6 0  3 
RECORD "++* AFTER S T E P  2203 SELECT D I A 6 N O S I S  'AUDIO-DIS?OR' "f 
RECORD ' !L < P I )  A U D I O  D I S T O R T I O N  6 i iEATER THAN ( P Z )  P E R C E N T e W r  
-- 5 
'S IS ~ D I A G - F   LAG'<^^) = ' sYS*SELECTED'  5 
FIGURE A.7: (continued) 
221 0 END 'AUDIO-DISTOR' S . - 
c s 
C TEST PROCS S 
C s 
2300 D E F I N E  PROC EDURE. 'DC-INPUT*$ 
RECORD -+** AFTER STEP 2 3 0 0  !L *** ENTERED TEST PROCEDURE 
"'Dc-INPUT' A T  n , ' ~ ~ ~ . ~ ~ ~ ~ o s  
DECLARE OEC IRAL.  'NRESII' $ 
' S Y S O F L A ~ '  = 'SYSmTkUEoS 
PERFORF 'GE T.TIHE ' s 
'SYS.S-TI~E ' = 'SYS.TIME' s 
RECORD "&I* AFTER STEP 2 3 0 0  
"D IAGNOSIS SELECTED U h C O k D I T I O N A L L Y  S 
PERFORM 'DISPLAY' 5 
C PTLAS CODE FOR bbVEFORR SYSmM-U0001 FOLLOWS: S 
RECORD "+a* .AFTER STEP 2 3 0 0  B E 6 I N  CONJUNCTION SYS.N-YO001 "S 
C THE CO&NECTION P l S  S 
'OHhRETERoChXOl' = #J24-8' t 
'OHWMETER .C rtxaz0 = # J  24-cc s 
C THE S T I N U L I / ? 1 E A S  FUNCTION S .  
C FUNCTION C A L L  S 
C FUt iCTION C A L L  S 
PERFORM '?IRES' S 
C COPY BACK THE PARASETERS AkD RESULT S 
e ~ ~ ~ . ~ ~ f i ~ . ~  1' = 'HRES-RES'  f 
C END OF F N  C A L L  S 
R E C O R D  -*** AFTER STEP 2300 END CONJUNCTION SYS .n-YOOOI *s 
C DI.lrlENSION OF VDE IS OHM S 
'OHh~ETER.PRUC1' = 'SYS .TEHP.Olo S 
PERFORM 'OH P ~ E T E R '  S 
c cepr  BACK THE PA RAHETERS ' A P ~ D  RES.ULT s . . . . 
'SYS eTENP.0 2' = 'OH~HETER ORES' S 
C '  END OF F k  C A L L  S . - 
R.€CORD -*** AFTER STEP 2300 END CONJUNCTION SYS-M-W000.1 "S . 
C s 
C ATLAS CODE FOR iAVEFORU SIS.M-W0002 FOLLOYS: S 
RECORD *+** AFTER STEP 2 3 0 0  B E G I N  A S S E R T I O h  SYS .M-Y0002 "s 
C FULCTION C A L L  S 
PEPFORR '#RESo S 
.C COPY BACK THE PARAMETERS AND RESULT S - .  
'SYS.TENP.O~' = 'MRES .RES' S 
C END OF FN C A L L  S 
RECORD AFTER STEP 2 3 0 0  END ASSERTION S Y S - M - u O O O ~  'S
COMPARE 'SY S.?EHPm03@. GT 1 .00000E+02 S 
GOT0 STE" 2 3 1 0  I F  GO S 
'SYS.FLAG' = 'SYS.FALSE' s - 
RECORD -+** AFTER STEP 2 3 0 0  ASSERTION ". . 
O0S 1s A - W 0 0 0 2 '  EVALUATED TO FALSE S 
C s 
231 0 CORPARE 'SY S.FLA6' .EO 'S YS .TRUE0$ 
6 0 7 0  STEP 2 3 2 0  I F  NOGO S 
REC09D '+** AFTER STEP 231 O DIAGNOSIS SELECTED PY TRUE OUTCOME * S  
6 0 7 0  STEP 2 3 3 0  5 
2320 RECORD "*** AFTER STEP 2 3 1 0  D I A G N O S I S  SELECTED BY FA'LSE OUTCORE a$ 
FIGURE A. 7 : (continued) 
PERFORM *IN F-SHORTED' s 
233 0 ' S Y S ~ T E S T - F   LAG'^^) = 'ST S-TESTED'S 
RECORD m * * *  I F T E R  S T E P  2 3 3 0  R E i U R N I N G  FROR T E S T  PROCEDURE mr 
"'DC-INPUT' AT -*'PRT.TIME's 
2340 E ~ O  ' C-INPLT'S 
C s 
260 0 D E F I N E  PROC EDURE, @AHPLOS 
RECORD. '*a* AFTER STEP 2 4 0 0  !L ++*  ENTERED T E S T  PROCEDURE "9 
-'A PPL' AT "*'PRT-TINE'S 
DECLARE OkC I I A L ,  'V-SIN -2' S 
'SYS.FLA.G' = ' S Y S ~ T R U E ' S  
PERFORM 'CET-T IME ' S e ~ ~ ~ . ~ - ~ ~ ~ ~  * = 'SYS~TIHE'  s 
RECORD "*** AFTER STEP 2 4 0 0  " ? 
@'DIAGNOSIS SELECTED UF:CONDITIONALLY S 
PERFORM 'SH OM-fiEAS' S 
C L T L A S  CODE FOR LAVEFORR SIS.F-YO001 FOLLOYS: S 
RECORD "**+ AFTER STEP 2 4 0 9  B E G I N  A S S E R T I O N  SYS an-U 0001 's
C FUNCTION C A L L  S 
PERFORN 'V-SIN' S 
C COPY B A C K  THC. PA ZAMETERS AND RESULT S 
' S Y S . T E R P . ~ ~ '  = ' V - S I ~ . R E S ~  s 
C END OF F h  C A L L  S 
RECORD @+** AFTER STEP 2 4 0 0  END ASSERTXON SY S-R-YOOOI "S 
'SYS.TEnPmO5' = 5 m 9 9 9 9 9 E - 0 2  S 
CONPARE 'SY SmTERPm04', U L  2 m 5 9 9 ? 9 E - 0 1  + 
-SYS-TERP - 0 5 '  LL 2 . 5 9 9 9 9 E - 5 1  - 'SYS-TERPmOS* S 
6 0 T O  S T E P  2 4 1 0  I F  GO s 
'SYS-FLAG' = ' S Y S ~ F A L S E '  s 
. . 
RECORD Y * * *  AF.TER S T E P  240.0 A S S E R T I O N  "r 
"'s 1 s  .n-woo0 I ' EVAL U A ~ E D  
. 
TO . F A &  SE .s ' . . 
s s 
2410 . C O R P A ~ E  'SY S m F L A 6 '  ,EQ 'SYS -TRUE'S 
' 6 0 T O  STEP 2 4 2 0  X F N,OGO S. 
RECORD "* *a  AFTER S T E P  2 4 1 G  D I A G N O S I S  SELECTED B Y  TRUE OUTCOME 
6 0 7 0  S T E P  2430 S 
242 o RECORD -**.* A F T E R  S T  EP 241  o DIAGNOSIS SELECTED B Y  FALSE  'OUTCOWE- "s 
. PERFORW 'FREQ-TOL' S . . 
2430 'SYS-TEST-f  LAG'(^> = ' S Y S . ~  ESTED'S 
RECORD "*** AFTER S T E P  2 4 3 0  RETURNING FROM TEST PROCEDURE ". 
u o A # P ~ '  AT mr 'PRT-TI t lE 'S 
2440 END 'AMPL'S 
C '  s 
2500 D E F I N E  PROC EDURE, 'DISTORT-2W0S 
RECORD "*a* AFTER S T E P  2500 ! L  *** ENTERED T E S T  PROCEDURE 
"'D I S 1  O R T - 2 ~ '  AT  ", 'pRTmTIHECS 
DECLARE DEC I % A L I  'H-GI STORT.3' S 
' S Y S ~ F L A G '  = C ~ ~ ~ . ~ ~ ~ ~ c s  
PERFORX 'GE ImT lC IE  ' S 
@~YS.S-TIHE = ~ S Y ~ ~ T I R E '  s
RECORD "*a*  .AFTER STEP 2500 ?.* 
" D I A G h O S I S  SELECTED u ~ C O N D I T I O N A L L ~  S 
PER FORR 'D I STORT-PRN T' s 
C ATLAS C O D E  FOR ~ A V E F O R R  S Y S - S - ~ 0 0 0 1  FOLLOWS: s 
FIGURE A.7: (continued) 
RECORD -+** AFTER S T E P  2 5 0 0  B E G I N  C O N J U N C T I O b  SYSmS-YO301  as 
T H E  CONNECTION P T S  S 
'PvR-SUPPLY . C N X O ~ '  = 'J 24-B( S 
'PilR-SUPPLY.CkX02' = 'GNV' S 
THE S T I f i U L I / M E A S  FUNCTION S 
FUNCTION C A L L  S 
D I M E N S I O h  OF VDE I S  VOLT S 
'PUR-SUPPLY .PRflOl' = 2 - 7 5 0 0 0 E + 0 1  S 
P E R F O R M  '~ii R-SUPPLY- s 
COPY BACK THE PA RARETERS AND RESULT S 
' S Y S W T E R P . ~ ~ '  = 'PuR-SUPPLY .RES' S 
END OF F N  C A L L  S 
RECORD u*** AFTER STEP 2 5 0 D  END CONJUNCTION SYS .S-Y 0001 mS 
T H E  CON?ECTION P 1 S  S 
'SIGNAL-AN. C N X C I '  = @ 4 1 6 '  S 
T H E  S T I M U L I l M E A S  FUNCTION S 
F U k C T I O N  C A t L  s 
O I * E N S I O N  OF VDE I S  MHz S 
'SIGNAL-AH. PRhOl '  = 2 ~ 5 0 0 1 9 E + O 1  S 
D I K E h S I O N  OF VDE I S  DB S 
' S I G ~ A L - A R .  FRMOZ' = C 0 * 0 0 0 0 0 E + 0 0  + 1 m 3 0 0 0 0 E + 0 1 )  S 
D I C E N S I O r i  OF VDE I S  2 S 
'SIGNAL-AR- fRk03' = O W 0 0 0 3 0 E + 0 0  S 
D I C E N S I O N  OF VDE ' I S  KHZ S 
' S IGNAL-AX*  FRMO'4' = 1.COOOOE+Oo S 
PERF OR^ 'SIGYAL-AM' s 
COPY BACK THE PA RAPlETERS AkD RESULT S 
'SYS.TENP.07' = 'SIGNAL-AR.RES' S 
END. OF Ffr C A L L .  S 
'RECORD '*** AFTER S T E P  2500 .END CONJUNCTION SYS.S-Y0001 *S . 
. . s. . 
ATLAS C O D E '  F O R  ' SAVE FOR^ SYS.M-WLQOI FOLLOUS: s .  
RECORD *+** RFTER S T E P  2 5 0 0  B E 6 1 N  CONJUNCTION S Y S i R - Y o 0 0 1  "S 
T H E  CONNECTION P.TS S 
' D I S T O R T I O N  D ~ N X O I '  = '419-L' S 
' D l  STORTTON .Ct4XO2' &6ND0 S 
T H E  S T I l 4 U L I / 3 E f i S  FUNCTION S 
F U N C T I O %  C A t L  S 
FUIMCTION C A L L  S 
P E R F O R Y  ' r t -  DI STORT@ s 
COPY BACK THE PARAHETERS AND RESULT S 
'SYS .TEhP.OS' = 'M-OX STORT.RES' S 
END OF FN C A L L  5 
R E C O R D  me** AFTER S T E P  2 5 0 0  END CONJUNCTION SYS .n-woo01 "s 
D I R E N S I O N  OF VDE XS X S 
'DISTORTTUN .PRMJI' = 'SYS.TEWP.O~' s 
D I P E N S I O N  O F  VDE I S  KHZ S 
'D ISTORTION .PRROZ@ = .I .OOOUOE+OO S 
PERFORM 'DI STORTION' S 
COPY BACK THE PA RAi4ETERS AND RESULT S 
'SYS.TEHP.09' = 'D ISTORTION*RES '  S 
END OF Fh C A L L  S 
RECORD -*** AFTER STEP 2 5 0 0  END CONJUNCTION s~s.n-uo001 . 
s 
FIGURE A . 7 :  (continued) 
-. 
C ATLAS CODE FOR LAVEFORR SYSOP$-YZOO~ FOLLOUS: S 
RECORD -*.+ A F T E R  S T E P  2 5 0 3  BEGIN ASSERTION SYS .n-sou02 Ys 
C F U N C T I O k  C A L L  S 
PERFORR 'H-CISTORTC S 
C COPY SACK THE PAhAMETERS AhD RESULT s 
'SYS.TEnP. l i '  = 'M-DISTORT-RES'  S 
C E I D  OF F N  C A L L  5 
RECOPD -*** AFTER S T E P  2 5 9 0  END ASSERTION SY S .fi-a0002 -S 
COKPAAE 'SYSoTEKPo13', L E  5 ~ 0 0 0 0 0 E + 0 0  X 
6 0 T 0  S T E P  2 5 1 0  I F  GO 3 
' S Y S . F L A C ~  = * S Y S . F A L S E ~  s 
RECORD O f * *  A F T E 2  S T E P  2 5 0 6  ASSERTION -* 
-'S YS OM-Y0032 '  EVALUATED 1 0  F A L S E  S 
C s 
251 0 CORPARE e ~ ~ ~ . ~ t ~ ~ '  .,EQ *S vs  .TRUE'S 
6 0 7 0  S T E P  2 5 2 0  I F  NOGO S 
RECORD -*** AFTER S T E P  2 5 1 ~  C I A C N O S I S  SELECTED B Y  TRUE OUTCOUE as 
GOTO S T E P  2 5 3 0  f 
2520 RECORD '*t* AFTER S T E P  2 5 1 9  D f A 6 N O S I S  SELECTED B Y  F A L S E  OUTCOME -S  
P E R F  ORP 'HI _ D I S T O R T I O '  S 
2530 'SYS .TEST-$ LAG'(!) = ' s Y s ~ T E s T E D ' S  
RECORD "**+ AFTER STEP 2 5 3 3  RETURNING FROM T E S T  PROCEDURE mr 
" 'DISTOkT-2 b' AT m , ' P R T m T ~ ~ ~ ' S  
2 5 4 0  E&D 'D I S T O R  T-ZY'S 
C s 
2600 D E F I N E  PAOC EDURE, 'DI STORT-VOLT'S . 
RECORD '*** AFTER S T E P  Zb)(i !L *** ENTERED T E S T  PROCEDURE * #  
-'D ISTORT-VOLT* A T  U , * ~ . ~ ~ . ~ ~ ~ ~ ' s  
DECLARE b E C X P A L 1  'VRRS.4' S 
. e ~ ~ ~ . o ~ ~ ~ 6 '  = 'SIS -TR.UE'S . . 
PER.FO.RH 'GE T - 1 - I f l E  ' f . 
' s rs .s- r rn~ * = 'SIS.TX~IE' s 
RECORD '*** AFTER STEP 2 6 0 0  ' 
' D I A 6 N O S I S  SELECTED U*CO~~DITIONA&CY S 
PERFORM ' h A I T '  S 
RECORD '*a* AFTER STEP 2 6 0 0  - *  
a D I A G h O S I S  s E L E C T ~ D  UKCONDI T I  ONALLY S 
PERFORM 'VRKS-PRNT' t 
c ATLAS CODE FOR ~ A V E F O R R  s r s  .s-WGOOI FOLLOWS : s 
RECURD -f** AFTER S T E P  2 6 0 0  B E G I N  CONJUNCTION SYS..S-~0001 'S 
C THE C O h N E C T I O N  P I S  S 
' P~ tc -SUPPLY oCNXO1' ' ~ 2 4 - 9 . #  S 
'FUR-SUPPLY .CNXOZ' = '~ND'  S 
C T H E  S T I P l U L l l r E A S  FUNCTION S 
C F U h C T I O N  C A L L  S 
C D I P E N S I O N  OF WOE I S  VOLT .S 
'PYR-SUPPLY .PRMGI* = 2. ~ S O ~ O E + O I  s 
PERFORR 'PY S-SUPPLY' S 
C COPY B A C K  T H E  PA LAMETERS A h 0  RESULT S 
'SYS .TEnP.11' = 'PUR-SUPPLY .RES' S 
C .  END OF F h  C A L L  S 
RECORD -*+* AFTER S T E P  2 6 0 0  END CO~JUNCTION SI .s-w 0001 -S 
C T H E  C O N h E C T I O N  P I S  f 
'S IGNAL-A#-  CNXOI '  = '416'  S . 
FIGURE A.7: (continued) 
. - . . . - . - . .  
COMPARE 'SY SmTEMPm16', GE Z m 1 9 9 9 9 E + O O  S 
6070 S T E P  2 6 1 0  I F  GO S 
' S Y S ~ F L A G '  = 'SYS.FALSE* s 
RECORD -*** AFTFR S T E P  2605  A S S E R T I O N  -9 
"'A 1' EVALUATED TO F A L S E  S 
C s 
C A T L A S  CODE FOR hAVEFORM ~2 FOLLOuS: S 
261 0 RECORD N+** AFTER S T E P  2 6 0 J  B E G I N  A S S E R T I O N  ~2 "S 
C FUtdCTION CALL '  S 
PERFORF 'YRPS' S 
C COPY B A C K  THE PA SAHETERS AND RESULT S 
'SYSmTEfiD.17' = 'YRPIS.RES' S 
C END OF F N  C A L L  S 
RECORD *+*+ AFTER S T E P  ' 2 b l G  END A S S E R T I O N  A 2  "S 
COMPARE 'SY S.TEMP~I? ' ,  L E  2 m 7 9 9 9 9 E + 0 0  S 
6070 S T E P  2 6 2 0  I F  GO s 
' S Y S ~ F L A C '  = ' S Y S ~ F A L S E -  s 
RECORD "*** AFTER S T E P  2610 ASSERT I O N  at 
"'A 2 -  EVALUATED T o  F A L S E  S 
C s 
2620 CORPARE 'SY SmFLAGC ,EQ 'SYS .TRUE'S 
6070 S T E P  2 6 3 0  I F  NOGO S 
RECORO n*** AFTER S T E P  2 6 2 0  D I A G N O S I S  SELECTED B Y  TRUE OUTCOfiE -S 
6 0 T 0  S T E P  2 6 4 0  S 
263 0 RECORD Y * * +  AFTER S T E P  2620  D I A G N O S I S  SELECTED B Y  F A L S E  OUTCOME -S 
PER FORM 'VR P S-FAILED' S 
2 6 4 0  'SIS~TEST-F L A G ' ( & )  = ' S Y S . T ~ S T E D ' S  
RkCORD **  AFTER STEP 2640  RETURNING FROM T E S T  PROCEDURE "t 
"'DXSTOHT-VCLT' AT  Y , . C P ~ T m T ~ N ~ ' S  
. . 265 0 END 'D I STOR I-v.OCT'S' 
C .  s 
2700 . DEFINE PROC EDURE, *F.REQ'S 
RECORD **** AFTER S T E P  2 7 0 0  !L ***  ENTERED T E S T  PROCEDURE." r  
-'FREQ' A T  Y , ' P R T m T I ~ E ' S  
DECLARE D E C I M A L *  'DELAY-T IRE m f '  S  
DECLARE D E C  PAL, 'FREQ .s* 3 
DECLARE DEC I M A L ,  'v-~114 m5' S 
. eSYSmfLAC '  = 'SYS.TRUE'S 
PEE f ORN '6E 1 mT I M E  ' t 
'SYS.S-TIRE' = 'SYS.TIRE' s 
RECORD '**+ AFTER S T E P  2700 " p  
"DIAGNOSIS SELECTED U h C O N D I T I O N A L L Y  S 
P E R f O R Y  'CE 1-DELAY-T I '  S 
RECGRD ***+ AFTER S T E P  2 7 0 G  ", 
" D I A G N O S I S  SELECTED U N C O N D I T I O N A L L Y  S 
P E R F O R M  'FR EQ-PRNT' s 
C CTLAS CODE FOR rAVEFORN SYS.S-UU001 FOLLOMS: s 
RECORD '"+** AFTER S T E P  2700 B E G I N  C O N J U N C T I O N  S Y S m S - Y 0 0 0 ~  "S 
C THE CONNECTION P I S  S 
'Phf i -SUPPLY aCNXO1' = ' J 2 4 - 8 '  3 
'FUR-SUPPLY . C N X O ~ '  = 'GND' S 
C THE S T I N U L I / % E P S  FUNCTION S 
C F U h C T I O N  C A L L  S 
C D I P E N S I O N  OF VDE I S  VOLT S 
FIGURE A.7: (continued) 
T H E  S T I M U L I l M E 4 S  FUNCTION S 
F V k C T I O N  C A L L  S 
D I U E N S I O N  OF VDE I S  #HZ S 
' S I G N A L - A H *  FRMO1- = 2 e 5 0 0 1 9 E + 0 1  S 
D I P E N S I O N  OF VDE I S  DB S 
' S I G N A L - A H *  FRaO2' = < 0e00000E+O'l  + 1e?OOOOE+Ol )  S 
D I V E N S I O N  OF VbE I S  X S 
' S I 6 N A L - A H  FRX03' = CeOOOOOE+00 S 
D I q E N S I O k  OF VDE I S  K H Z  S 
' S IGNAL-AM*  FRa04 '  = 1 . 0 0 0 0 0 E + 0 0  S 
PERFORM 'SI GNAL-AM' s 
COPY B A C K  THE PAhAHETERS AND RESULT S 
'SYS.TE#P.~ 2' = 'SIGNAL-AM.RES' s 
END OF FN C A L L  S 
RECORD - *a*  AFTER S T E P  ZbOG END CONJUNCTION SYS ~ S - U O O O I  -3 
S 
ATLAS CODE FOR btAVEFORPl SYS-M-UGg01 FOLLOWS: S 
RECORD -+*+ A F T E R  STEP 2 6 0 3  BEGIL CONJUNCTION S Y S ~ ~ - Y O O O I  * s  
THE EO~NECTION P T S  s 
' S I U E - W A V E ~ C N X O ~ '  = ' ~ 1 9 - A '  S 
'SINE-WAVE CNXOZ' = 'GND' S 
THE S T I f i U L I l r E A S  FUNCTION S 
F U h C T I O N  C A L L  S . 
F U N C T I O N  C A L L  S 
PERFORM ' v R ~ S '  S 
COPY B A C C  T H E  PA RANETERS AND RESULT S 
' S Y S * T E i 4 P * 1 3 '  'VRMS *RES' S 
EKD 3 F  F h  C A L L  5 
RECORD -*** A F T E R  STEP 2603 END CONJUNCTION SYS .n-uoooi -s  
D I P E N S I O N  OF VDE I S  VOLT 5 
'-Sf ME-WAVE PRXOl '  .= 'SYS .TEf4P;lf' S 
FUNCTION CALL s 
PERFORM 'SY S ef l-~0001' S 
COPY B A C K  T H E  PA HA3ETERS AtiD RESULT S 
' s Y s e T E ~ P e l 4 '  = 'SYSefl-idOG01eRES' S 
END OF F N  C A L L  S 
RECORD -*** A F T E R  STEP 2 6 0 0  END CONJUNCTION SYS .n-uoooi - s  . 
'SINE-WAVE. PRPlOZ' = @SYS eTEHP.16' S 
D I * E N S I O W  OF YDE I S  SEC S 
'SINE-YAVE~PRHOJ' = O.O~OOJE+OO s 
PERFORM ' S I  hF-uAVE' S 
COPY 0 A C %  THE PA fiA?!E.TERS AND RESULT S 
' S Y S e T E k P e 1  5' = 'S INE-UAVEiRES '  S 
END OF F N  C A L L  1 
RECORD -+a* AFTER S T E P  2 6 0 0  END CONJUNCTION S Y S e # - Y 0 0 0 1  "S 
s 
A T L A S  CODE FOR hAVEFORN A 1  FOLLOWS: S 
RECORD -*** AFTER S T E P  2600 B E 6 1 N  A S S E R T I O N  A 1  "S 
F U N C T I O N  CALL S 
PERFOR* 'vRwS' S 
CCPY B A C K  THE PARAMETERS AND RESULT S . 
'SYSeTE?tP.Ib '  = 'VRflS*RES' S 
END OF F N  C A L L  f 
RECORD -*** AFTER S T E P  2 6 0 0  END A S S E R T I O N  A 1  "S 
FIGURE A. 7 : (continued) 
'FUR-SUPPLY .PRMOle 2.7TOGOE+01 S 
PERFORN 'PVR-SUPPLY' s 
COPY BACK THE PA RAHETERS AIvD RESULT - S 
'SYS.TEflP.16' = 'PUII-SUPPLY .RESm S - 
END OF FN C A L L  S 
RECORD '+*+ AFTER STEP . 2 7 0 0  END CONJUNCT I O N  SYS ~ S - U 0 0 0 1  "1 
s 
ATLAS CODE FOR bAVEFORR S1S.R-U4001 FOLLOUS: S 
RECORD **** AFTER STEP 2 7 0 D  BEGIN  CONJUNCTlOld SYSmH-YO001 
THE CO&NECTIGN P I S  S 
'SlkE-UAVEmCNXOI' = 'JZZ' C 
*SXNE-UAVE. CNXS2' = ' ~ N D '  s 
THE S T I f i U L I / * t A S  FUhCTION S 
FUNCTION C A L L  S 
F U ~ U C T I O L  C A L L  S 
PERFORPI 'v-SIN* s 
COPY B A C L  THE PAkAMETERS AND RESULT S 
'SYS.TEfiP.19' = 'v-SIN.RES' S 
END OF Fh C A L L  S 
RECORD **** AFTER S T E P .  2706 END CONJUNCTION SI .N-YOOOI -S 
DIMENSION OF VDE I S  VOLT S 
'SI~UE-WAVE. PR~OI '  = '.SYS .TE~P.!~' s 
FUNCTIOa C A L L  S 
PERFORM 'FREQ' S 
COPY B A C k  THE PARAaETERS AN0 RESULT , S 
' S Y S . T E M P ~ Z ~ '  = ' F R E Q ~ R E S '  L 
END OF FN C A L L  S 
RECORD "*** AFTER STEP 2700 END. CONJUNCTION SYS mB-Y(1001 -3 
D I P E N S I G N  OF VDE I S  HZ S 
'S I kE-WAVE PRROZ' = '31 S oTE#P -20' S 
FULCTION C A L L  S 
PERFORM "DE'L'AY-TIME'. $ 
CCPY BACK THE PA RAWETERS AND RESULT S 
'SYS.TEKP.~ 1' = 'DELAY-TINE .RES' s 
END OF FN C A L L  S . 
RECORD -*** AFTER STEP 2 7 0 0  END CONJUNCTION SYS .R-Y 0001 
D I R E N S I O N  OF VDE I S  SEC S 
'SI~E-WAVE P R N O ~ '  = "SY S ~ T E R P  021' S 
PERFORW 'SI h ~ - N A V E '  s 
COPY BACK THE PA IiAXETERS AND RESULT S 
'SYS.TEnP.2 2' = 'SINE-UAVE.RES' S 
EKD OF FN C A L L  S 
RECORD '+** A f T € R  STEP 2700 END CONJUNCTION SYS mX-Y000% 
s 
ATLAS CODE F O R  kAVEFORR SYSmU-U0002 FOLLOYS: S 
FUhCTION C A L L  S 
PERFOR3 'DE LAY-TINE' S 
COPY BACK THE PA RAHETERS AND RESULT S 
'SYS.TE~P.Z 3' = 'DELAY-TIHE .RES' s 
END OF FN C A L L  S 
.RECORD -+** AFTER STEP 270.0 EHD CONJUNCTION SYS .~ -UOOOZ us 
COKPARE. ('S I S  mTEflPm23' EP 6 0 0 0 0 0 0 E + 0 1  I U I T H  O S 
FUNCTION C A L L  S 
COPY B A C S  THk PA RAflETERS AND RESULT S 
FIGURE A.7: (continued) 
A - 3 8  
8 
. 
C END OF F N  C A L L  S 
C F U h C T I O N  C A L L  S 
C COPY B A C K  THE PA RAMETERS AND RESULT s 
C END OF F N  C A L L  S 
. 6 0 T O .  2720  I F  N O 6 0  S 
RECORD -*** AFTER S T E P  2700 B E 6 1 N  ASSERT I O N  SYS am-YO002 "I 
PERFORW 'FREQ' S 
' S Y S m T E ~ P m 2 4  ' = 'FREQaRES' 5 
RECORD "*** AFTER S T E P  2700 END A S S E R T I O h  SYSmU-WOO02 'S 
'SYSaTEfi!'at5' = 6 m U 0 2 0 G E + O ~ l  S 
CONPARE 'SY SaTEMPa24 'p  U L  SaOOOOOE+06 + 
' s Y ~ m ~ E b i P a 2 5 '  L L  S.OGOGOE+06 - ' s Y S ~ T E H P ~ Z S '  S 
6 0 T 0  S T E P  2 7 1 0  I F  GO s 
'SYS.FLAG' = ' S Y S ~ F A L S E *  s 
RECORD *+*- AFTER S T E P  2 7 O D  A S S E R T I O N  'r 
"'s 1s .n-w~002' EVALUATED T O  FALSE s 
2710 GOT0 2730 S 
27 20 RECORD '*** AFTER S T E P  2710 B E G I N  A S S E R T I O N  SYS m a - b o o 0 2  'S 
PERFORM 'FREQ' s 
* S I S . T E R P ~ ~ ~ '  = ' F R E Q ~ R E S *  S 
RECORD Ye* *  A F T E R  S T E P  2720 END ASSERTION S Y S ~ M - W O O O ~  -s 
'SYSmTEhP.2 7' 2mSCfOOE+OQ 5 
COPPARE ' S Y S . T E N P ~ Z ~ ' (  U L  5 ~ 0 0 0 0 0 E + 0 6  + 
'SYSmTEKPa27 '  L L  5 * 0 0 0 3 0 E + 0 6  - 'SYSmTERPm27' S 
6 0 T 0  S T E P  27.30 I F  GO S 
d ~ ~ ~ m ~ ~ ~ ~ '  = ' S Y S ~ F A L S E *  s 
RECORD "*a* AFTER S T E P  272.0 A S S E R T I O N  
"'S YS afi-wOOS2' EVALUATED T O  F A L S E  S 
C . J,  
2730 , . COMPARE @SY'S.FLAS~ .EQ 'SYS.TRUECS . . 
6 0 T 0  S T E P  2 7 6 0  I F  NOGO f 
RECORD '*** AFTER S T E P  27313 D I A G N O S I S  SELECTED B Y  T.RUE OUTCOHE "S 
SOTO STE.P ' 2 7 5 0  '. S 
274 0 RECORD -*** A F T E R -  S T E P  2730 DIAGNOSIS SELECTED D Y  F A L S E  OUTCOUE 'S
P E R F O R H  'FR EO-TOL-FAX'  s 
2750 ' S Y S ~ T E S T - F  LAC'<S) = ' S Y S ~ T E S T E D ' S  
REC3RO '*** AFTER S T E P  2 7 5 0  R E T U R N I N G  FROM T E S T  PROCEDURE "t 
' -'FREQ' A T  -,'PRT.TXRE'S 
2760 END 'FREQ'S 
C s 
2800 DEFINE PROC EDURE, 'DI STORT-IONV'S 
RECORD -*** AFTER S T E P  2bOO !L *** ENTERED T E S T  PROCEDURE 
-'D ISTORT-IORL' A T  -,'PRT.TIME'S 
DECLARE DEC I N A L ,  ' f i -DI  STORT -4' S 
'SYSaFLAG' = 'SISaTRUE'S 
PERFORM ' G E T a T I & E  ' S 
*SYS'~S-TI~E' = 'SYS.TIME' S 
. RECORD AFTER S T E P  2 8 0 0  a 
a D I A G N O S I S  SELECTED U N C O N D I T I O N A L L Y  S 
PERF OR3 'DL STORT-PRNT' S 
c ATLAS CODE FOR mAVEFORM S Y S a S - Y 6 0 0 1  FOLLOUS: S 
RECORD *+** AFTER' S T E P  2 & 0 0  B E G I N  C O N J U N C T I O N  S Y S s S - Y O 0 0 1  'S 
C T H E  C O h N E C T I O H  P I S  S 
'PUR-SUPPLY .C:4~01'  = 'J26-8' S 
FIGURE A.7: (continued) 
'PUR-SUPPLY .CkXO2' = -6ND' S 
T HE S T I A U L I / P E A S  FUNCTION S - C 
FUt iCTIOh C A L L  S 
D I E E N S I O N  OF VDE I S  VOLT S 
'PUR-SUPPLY .PiiMO1° = 2 .75000E+01  S 
PERFORM #Pu &-SUPPLY' % 
COPY BACk  THE PA kAi4ETERS AND RESULT S 
' ' s Y s ~ T E ~ P . ~ ~ '  = 'PWR-SUPPLY .RES' s 
END OF FN CALL  S 
RECORD -+a *  AFTER STEP 2 8 0 0  END CONJUNCTION SYS eS-U 0001 *S 
T H E  COhNECTION PIS S 
'SIGNAL-AR~CNXOI' = '~16 '  s 
THE S T I R U L I / % E A S  FUNCTION S 
FUNCTIOL C A L L  - I 
D I e E N S I O N  OF VDE I S  M H Z ' S  
' S I ~ N A L - B R .  P R ~ O I '  = 2eS*OGl9€+01 'S 
D1"ENSION OF VDE I S  0 8  S 
'SIGNAL-AM .l;R&OZ' = '< 0 ~ 0 0 0 3 0 ~ + 0 0  + 1 .30000E+01)  S 
D I S E N S I O N  OF VDE I S  X S 
'S IGNAL-Ane FRPI03' = CmOOOOOE+00 S 
D I Y E N S I O N  OF VDE I S  K H z  S 
' S I C N A L - F M ~ F R ~ ~ O ~ ~  = 1 * 0 0 0 0 o E + 0 0  S 
P E R F O R Y  -SI GNAL-AM: s 
COPY B A C K  THE PAAAfiETERS AhD RESULT S 
0 s ~ s . ~ ~ n ~ 0 2 ~ '  = 'SIGNAL-A#.RES' s 
END OF FN C A L L  S 
i 
I 
RECORD -*** AFTER STEP ZSOD END CONJUNCTION SYSeS-Yo001 *S \ 
s I 
': - ATLAS CODE FOR bAVEFORR SYSmM'UQ001 FOLLOWS: S 
RECORD "*** AFTER STEP 2 8 0 0  BEGIN  COPIJUNCTI'ON SYSeM-YO001 - S  \ 
T.HE . C O N % i C f  I O N .  P TS 2' 
'DISTORTION . ckxa ie  = '~19-A ' .  s. . . 
'DISTORTION .CNXOZ' = 'GND' s 
T H E  STIi4ULI/?lEAS TUVCTIQN S 
FUhCTIGN C A L L  S 
FUhCTION C A L L  S 
PERFORM 'H -01STORT~  S 
. COPT; BACK THE PA AANETERS AND RESULT S 
'SYS.TEPIP.3 C' = 'M-0ISTORT.RES' S 
END OF FN C A L L  S 
RECORD "*** AFTER STEP 2 8 0 0 ,  END CONJUNCTION SYS m ~ - ~ ~ ~ ~ l  *S 
D I E E N S I O N  OF V D E  I S  % S 
'DISTORTIOY .PRHJ~ '  = C s ~ ~ . ~  E P I P . ~ ~ ~  s 
D I P E N S I O N  OF UDE I S  K H z  f 
'DISTORTION .PRMOZ' = 2 .00000E+00 S 
P E R F O R M  'DISTORTION' s 
COPY BACK THE PA RAKETERS AND RESULT S 
'SYS .TEfiPe3 1' .= 'DISTORTION ORES' S 
EhD OF f h  C A L L  S 
'RECORD "*** AFTER S T E P  2800 END COHJUNCTION SYS eH-YO001 "S 
s 
ATLAS CODE FOR rAUEFORN SYS-R-tdG002 FOLLOuS: S 
RECORD "+*+. AFTER STEP 2 8 0 0  B E G I N  ASSEHTION SYS mPl-Yo002 "S 
FUIvCTION - C A L &  S 
FIGURE A. 7 : (continued) 
." 
PERFORF 'R-DISTORT' S 
C COPY B A C K  THE PA FtAfiETERS AbiD RESULT f 
'SYS*TEMP.3 2' = 'PI-DISTORT*RES' S 
C END OF F N  C A L L  5 
R E C O R D  **** A F T E R  STEP 2 a 0 0  END ASSERT ION SY S.M-YOOOZ "s 
CORPARE 'SY S*TEf iP*32 ' *  L E  3 m0000OE*OO S 
6 0 T 0  S T E P  2 8 1 0  I F  GO S 
'SYS.FLAG' = ' S Y S ~ F A L S E '  s 
RECORD '*** AFTER S T E P  2500 A S S E R T I O N  ", 
-'S 1s a W U 0 0 3 2 '  EVALUATED TO F A L S E  S 
C s 
2810 ' CORPARE 'SY S-FLAG' ,EQ 'SYS *TRUE'S 
6 0 T 0  S T E P  2 8 2 0  I f  NOGO S 
RECORD ."*** AFTER S T E P  2 6 1 0  D I A G N O S I S  SELECTED B Y  TRUE OUTCOHE 
G O T 0  S T E P  2330 S 
282 0 RECORD -*** AFTER S T E P  2 8 1 0  D I A G N O S I S  SELECTED B Y  F A L S E  OUTCOME -f 
PERFORM 'AUDIO-DISTOR'  S 
2830 'SYS eTE ST-F tAG ' (6 )  = 'sY S O T E S T  ED'S 
RECORD -*** -AFTER S T E P  Zd3S RETURNING FROR T E S T  PROCEDURE "* 
* 'DISTORT-1 CRV' AT ' t 'PRT*TIRE'S 
2840 END *D I STOR 1-IOtlY'S 
C s 
c SISTER VARIAFLE INITIALIZATION AND FIRST ENTRY POINT s 
E 2900 \PERFORY 'GET~T IME '  s 
D I S P L A Y  "!P T E S T I N G  STARTED FOR UUT Y I N I R A D X O S E T "  S 
D I S P L A Y  'S I S  ~ C L O C K ' C ~ )  * "DATE G C / ' * * ' S Y S * C L O C K ' ( ~  "##in 
'S YS*CLOCK'<O) * "3&"* 'PRTmTIHE' S 
's~\s.TI~~' = 'SYS.TIIE' s 
F.OR 'SYS.1' = 1 THRU 'SYS.%DIAGS' THEN S 
'SYS.~DIA G-FLAG'C'SYS I")= 'SYS *NOT S€LECTED'  S 
'SYS.1TE STS I N  CONd'C'SYS.1') = 0 S 
END FOR S 
FOR o S Y S e I '  = 1 THRU 'SYS*#TESTS '  THEN S 
'SYSeTE ST-FLAS'C'SYS .I') 'SYS *NOT TESTED'  S 
END FOR S 
c e E 6 I N N I N 6  OF TE S T I N G  S 
C s 
C CONTROL P R E C C D I K G  THE C A L L  ON THE T E S T  NODULE 'DC-INPUT' S 
330 0 ' S Y S ~ F L A G '  = O ~ ~ ~ . ~ ~ ~ ~ '  s 
301 U COYPARE 'SY SaFLA6 ' *  EQ 'SYS *TRUEC S 
6010 S T E P  3 1 0 0  I F  ,YO60 S 
COMPARE 'SYS-TEST-FLAG'(?),  EQ 'SYS.NOT TESTED'  S 
SOTO STEP 5100 I F  NOGO S 
PERFORM 'DC - INPUT '  S 
C s 
C CONTROL PRECED-IKG THE C A L L  ON T H E  T E S T  MODULE 'FREQ' f 
3100 'SYS-FLAG'  = 'SYS*TRU€' S 
'SYSOFLAG'  = 'SYS. fLA t '  A h 0  N Q T ( ' S Y S O D I A G - F L A ~ ' < ~  XOR 
'SY S ~ N O T  SELECTED'  ) S 
CORPbRE 'SY S-TEST-FLAG'CS), NE 'SYS*SJCIPPED' S 
G O T 0  S T E P  51 10 I F  NOGO S 
COMPARE 'SY S *DIAG-FLAG'C1)  EQ 'SYS *SELECTED'  S 
S O T 0  S T E P  9 1 1 0  I F  NOGO S 
' S Y S ~ T E S T - F   LAG'^^) = e ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ '  s 
FIGURE A.7: (continued) 
FIGURE A. 7 :. (continued). 
. 
A - 4 1  
< 3110 COYPARE 'S t  S * F L A G ' ~  EP 'SYS *TRUE' f 
G O T 0  S T E P  3 2 0 0  I F  NOGO S 
COrPARE 'SY S .TEST-FLAG'<S)~  EQ 'SYSONOT TESTED'  S 
(: . 6 0 T O  S T E P  3 2 0 0  I F  N O 6 0  f 
PERFORM 'FREP' f 
C S  
( C CONTROL P R E C ~ P I ~ G  THE C A L L  ON THE T E S T  MODULE 'AMPL' S , 
3200 -SYS.FLAG'  = 'SYS.TRUE' s 
'SYS.FLAG' = 'SYS .FLAG*  AND NOT ( 'SYS.DIAC-FLAG'C~ )' X O R  
i 'SYS.NOT SELECTED '  ) s 
COMPARE 'SY S.TEST-FLAG'<Z)* N E  'sYs.SKIPPED' S 
6 0 T 0  S T E P  3 2 1 0  I F  NOGO S 
t' COMPARE 'SY S-D IAG-FLAG'C l ) ,  EQ 'SYS .SELECTED' S 
G O T 0  S T E P  3210 I F  LOGO S 
'SYS.TEST-F LAG'CZ) = *SY S 0 S K I P P E D e  S 
3210 COUPARE &SY SOFLAG', EQ 'SYS.TRUEc S 
6 0 T 0  S T E P  3 3 0 0  I F  N O 6 0  S 
t O F P A R E  'SY SOTEST-FLAG' (2 ) r  EY o S ~ S . N O T  TESTED',  S 
( 6010 ,STEP 3300 I F  N O 6 0  S 
PERFORM 'AHPL' S 
c s 
C CONTROL P R E C E D I A C  THE C A L L  ON T H E  T E S T  MODULE ' D I S T O R T , Z Y ~  S' 
3300 *SYS.FLAG' = 'SYS.THUE' S 
331 O COMPARE 'SY S.FLAG', E P  'SYS .TRUE4 S 
6 0 1 0  S T E P  3 4 3 0  I F  NOGO S 
C O M P A R E  "SY S.TEST-FLAGV), EQ 'SYS.NOT TESTED) s 
G O T 0  STEP 3 4 3 0  I F  h060 S 
I PERFORM 'D ISTORT-ZY*  S 
c r 
C CONTROL P R E C F D I h G  THE C A L L  ON THE T E S T  MODULE 'DISTORT,VOLT~ 5 
3 4 0  o 'SYS.FLAG' = 'SYS.TRUE' s I ; .  . ;  ' S Y S ~ F L A G ' ~ ' S Y S ~ F L A ~ ' . A N D N ~ T < ' S Y S ~ D ~ A C - F L A ~ ' ~ ~ )  XO! . . 
. . 'SY SONOT SELE.CTEDO ) .  J 
I ,  . CORPARE 'SYSo fEST-FLA6 ' (4 ) *  N E  'SJS.SKIPPEDo t 
6010 S T E P  3 k 1 0  I F  N o 6 0  S 
CONPARE 'SY S.DIAG- FLAG'<^). EQ 'SYS .SELECTED' s 
I 6070 S T E P '  3 4 1 0  I F  N O 6 0  S 
-SYS.TEST-F L A G ' C ~ )  = 'SYS.SKIPPED' s 
3410 COMPARE 'SY SOFLA~ ' .  E Q  'SYS .TKu€' S I 6 0 T 0  S T E P  3 5 J O  1 F NObO S CUEPARE 'SY SOTEST-FLAG0C4),  EQ 'SYS .NOT T ESTEDC S GO-TO S T E P  3 5 0 0  I F NO.60 S 
1 \ . PERFORM "DISTORT-VOLT# s 
e r 
' I 
c CONTROL P R E C E D I ~ G  THE, C A L L  ON THE T E S T  NODULE O ~ ~ ~ ~ ~ ~ ~ - i ~ n ~  s 
3500 'SYS.FLAG' = 'SYS.TRUE' s 
? OSYS.FLAG' = 'SYS.FLAG* A ~ D  NOTC'SYS.DIAG-FLAG~CI) XOR 
i 'SYSoNOT SELECTED' > S 
I COnPARE ' S Y S . T E S T - F L A G ' ( ~ ) *  N E  ' S Y S S S K I P P E D )  f 
6010 S T E P  3510 I F  NOGO f 
COMPARE 'SY SODLAG-FLAG'(?)  p EQ *SYS .SELECTED* S 
I 6010 S T E P  3 5 1 0  I F  N O 6 0  S 
'SYS .TE ST-F LAG'C6) = 'SYS.S K I P P E D '  S 
351 o *SYS.FLAG' = 'S YS.FLAC' AND NOT('SYS.DIAG-FLAG-(?) XOR 
' i 
A - 4 2  
. - 
'SY S O N O T  S E L E C T E D #  ) s 
CORPARE #SY S . T E S T - ~ L A ~ ' ( ~ > ~  N E  'SYS.SiC1PPED' S 
6 0 T 0  S T E P  3 5 2 0  I F  NOGO S 
CORPARE 'SYS ~DIAG-f LAG'<?), €4 'SYS.SELECTED* S 
60TO S T L P  3 5 2 0  I F  NOGO f 
'SYSoTEST- f  ~ ~ 6 ' ( 6 )  ' -SYS.SKIPPEDI S 
S520 COMPARE 'SYS.FLAC', EQ 'SYSSTRUE' S 
60T0 S T E P  3600 I F  NOGO S 
COMPARE 'SY S .TEST-FLA6'(6).  EQ 'SYS .NOT TESTED'  S 
6070 S T E P  3 6 0 0  I F  NOGO S 
PERFORM *DI S T O A T - I O M Y ~  s 
c s 
360 0 PERFORM @GE 1 * T X N E *  S 
Q I S P L A Y  "NORRAL T E R f l X N A F I O N  O F  T E S T I Y C  ATm, *PRT.T I f lEO $ 
' s Y s . T I n  = 'SYS.TIKE' - 'SYS.TI~' s 
' SYS.CLOCK ' (~ )  = I N T  ( ' S Y S . T I f i ~ 1 3 6 0 0 )  $ 
'SYS.1 In'  = 'SYS . T I M 0  - 3600* 'SYS  CLOCK'(^) S 
e S Y S . C L O C ~ ' ( 2 1  = INT( 'SYS.T IP ' I6C I )  S 
*SYS oCLOCK'CS) 'SYS .T IB '  - ~ O * * S Y S . C L O C K ' < ~ )  S 
D I S P L A Y  " O U f i A T I O N  '' r ' P R T o T I H E '  S 
F I N I S H  S 
T E R M I N A  TE E GUATE PRO6 CAR I N  I R A D I O S E T ~  S 
FIGURE A.7: (continued) 
B - 1  
A P P E N D I X  B . 
NOPAL SYSTEM D A T A  STRUCTURES F O R  T H E  ASSOCIATIVE MEMORY 
T h i s  a p p e n d i x  i l l u s t r a t e s  t h e  d a t a  s t r u c t u r e s  u s e d  t o  
encode  a l l  t h e  eighteen t y p e s  o f  s t a t e m e n t s  ( a s  l i s t e d  i n  Tab le  4.9) 
i n  t h e  NOPAL sys t em.  A s s o c i a t e d  w i t h  each  t y p e  o f  s t a t e m e n t  a r e  
two d a t a  s t r u c t u r e s :  (1) s t o r a g e  e n t r y ,  and ( 2 )  a c t u a l  d a t a .  
Each d a t a  s t r u c t u r e  i s  implemented by P L / I  ba sdd  s t r u c t u r e .  I n  
t h e  d r a w i n g ,  e a c h  c e l l  r e p r e s e n t s  a  f i e l d  i n  t h e  d a t a  s t r u c t u r e .  
The PL/I d e c l a r a t i o n  f o r  t h e  s t r u c t u r e  i s  g i v e n  be low t h e  
. . 
d r a w i n g s .  
The s t o r a g e  e n t r i e s  l i n k  t h e  s t r u c t u r e  c o n t a i n i n g  a c t u a l  * 
d a t a  t o  t h e  d i r e c t o r y ,  and a l s o  c o n t a i n  l i s t  o f  v a r i a b l e s  o c c u r r i n g  
. . 
, . 
. . 
. i n  t h e  d a t a .  F o r  example:  .S torag .e  'efit .ry . f d r  a  p a r t ' i c u l a r  
- 
 
c o n j u n c t i o n  .and . a s s . e r t i o n  h a s  . i t s  DATA f i e l d  p o i n t i n g  t o  t h e  
s t r u c t u r e  WAVEFORM (wh ich  c o n t a i n s  t h e  a c t u a l  d a t a  f o r  t h e  
c o n j u ' n c t i o n  o r  a s s e r t i o n  a s  t h e  c a s e  may b e ) .  I t  a l s o  h a s  i n d i c e s  
p o i n t i n g  back  i n t o  d i r e c t o r y  f o r  name o f  t h e  waveform, f o r  name 
o f  t h e  p a r e n t  s t i m u l i  o r  measurement ,  f o r  t h e  name o f  a l l  t h e  
v a r i a b l e s  o c c u r r i n g  i n  t h e  waveform. I n  s h o r t ,  t h e  s t o r a g e  
e n t r i e s  p r o v i d e  l i n k s  which a l l o w  one  t o  s e a r c h  t h e  a s s o c i a t i v e  
memory v e r y  f a s t .  
Test Module, t 
n STORAGE - ENTRY ( STO - PTR) : 
I KEYENTRY (1  
1 . . 
L 
DATA #KEYS NAME NEXT 
P t r  p t r  p t r .  
D i r .  l o d  o f  
t he  t e s t  l a b e l  
+ 
DCL 1 STORAGE ENTRY BASED (STO - PTR), 
2 DATA TTR, ' 
2 #KEYS FIXED BIN, 
2 KEYENTRY (N REFER (#KEYS)), 
3 NAME FIXED BIN, 3 NEXT PTR; 
parameters re tu rned  
f o r  t h e  ' by modfun 
mod f un 
c o n t a i n i n g  
TYPE 
I t h i s  t e s t  ' 
DCL 1 TEST. BASED(DF), 
(2  TYPE, 2 STMT#) FIXED BIN, 
(2 '  MFPARM, 2 MFCNX, 2 MFVALUE) PTR, 
2 VF VR B IT( ] ) ,  
( 2  STIM, 2 MEAS, 2 LOG, 2 TEST - .  SUBS) PTR; 
STMT# 
FIGURE B. 1 TEST 
d 
MFPARM 
1 / VALUE - 
MFCNX MF STIN 
. p t r  p t r  
MEAS 
I 7 
stmt'. no. 
p t r  
LOG 
p t r  
r 
TEST SUBS 
generated connect'ions I ~ t i h u l  ie n t r y  LO& c I 'EX 1 Ii::keters e n t r y  -Stmt. types To DCLDAT To CLDAT 
va l  ue (by XREF) TEST# L i s t  o f  
To DCLDAT 
l i s t  o f  
7 I measurement 
e n t r y  
- I 
. 
' 
DC L 
e n t r y  
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SIMPLE - CONJ (TP) 
TRIPLMC(1) TRIPLET I 2) 
t- -4- 
CQNNECTORS (TP) 
FDE I N  STRING 
TREE CONTAINS THE PARSED FDE 
its i d a t N A M E ( p 0 1 ~ ~ S ( l ) )  
 POINT(^) are stored 
i n  tree form . . 
D C L  1 SLKPLE-CCIIIJ SASED(TP). ,  
2 $ T R I P L E  1 f I k E D  [3I'Nv 
2 T H I P L c T  ( h D  R ~ F E N (  STRIPLET) ) ,  
3 C O E  P T H , ,  3 R E L A T I O N  C H A R C I ) l  3 FOE PTRt 
3 PAJ-FbE PTR;  . 
D C L  1 C0NkECTuP.S  s A S E O ( T P ) ,  
2 D I P :  c ~ G ~ ( ~ L E N ) ,  '; 
3 3 P T S  F I X E D  ir iINv . 
FIGURE ~ . 4  : SIMPLE CONJ i P - P O I N T S  ( h ?  R € F E R ( B P T S ) ) ,  . 
AND CONNECTORS 3 POIN IS F I X E D  BIN, 
3 PAR-PT P I R ;  

SXMPLE-ASRT (TP) a 
. . 
1 , . w- RANGE. .. r
\ . RELATIONAL 
1 
--.. . 
EXPR(1) PAR- EXPR( 2) 
--1-**-- - _1C .- A R x m T I c  , sTR E x ,  . sTR ExPRs STR ExPRs t '8' or 
EXPRESS IONS Before the operator after the operator : . I 
t 
8 
t 
I Range 
a I 1 
D C L  1 SIMPLE-ASRT'  .BASED(TP) 9 
2 R E L A T I O & A . ~ ,  
3 E X P R E  ( 2 1 9 '  b 
4 EXPi t  P T R ,  . 
4 P A R - ~ x ? f i '  PTRW 
3 OI.IEllA T O H  C H A R ( 2 ) .  
2 R A h G E  
3 E X P  P T R ,  
. 3 P A R - E X P   PI^, 
. 3 P C N T  i H A R ( 1 ) ;  
Note: The record STR contains the arithmetic expression i n  the form o f  character string. Structure EXPRS 
-
is the tree structure containing the parsed arithmetic expression. 
FIGURE B.6: STMPLE ASRT 
- 
SIMPLE CONJ 
- 
If CF=O then EXPS \ STR or nul l  o r  l i k e  Parsed condit ion SIMPLE ASRT - TRUE PART; If CF:~ then 0 i f  l a s t  level of I F  - THEN 'nesting 
another IF-CELL ; 1 otherwise 
. 
TRUE-PART 
i 
D C L - I  I F - C E L L  AL16NED B A S E D ( T P ) ,  -' 
(2  T R U E - P A R 1 9  Z FALSE,PART) PTHI 
2 C F  U I T ( 1 )  8 2 PPR- 'COl rO P T R ,  2 JCHAR F I X E D .  B I N *  
I 
3 '. 2 COND1TTi)N C t l A R ( L S  s E F E R ( I  f-CELLmn"C9AR)); 
I 
FALSE - PART 
- -*. . . - - - .. . 
FIGURE B .7 : I F  - CELL 
CF 
- - . --- -- 
LOGIC ( l og i c -d i agn0s . i ~ -1  i s t ) ,  1  
I KEYENTRY(1) KEYEMTRY (2.) I 
D i r .  loc .  o f  the  
l o g i c  l abe l ,  i f  any. 
Di r .  l oc .  - o f  t h e  
c u r r e n t  t e s t  l a b e l .  
DCL i LOGIC. BASED (DP) , 
( 2  TYPE, 2 STMT#) FIXED BIf i , '  
2 #ENTRY FIXED BIN, 
. 2  ENTRY (NO REFER( #ENTRY) , 
3 OPERATOR CHAR(4) ,' 3 DIAG.LBL - FIXED BIN, 
3 ,DIAG - SUBS PTR; 
- - 7 . .  \ ' I  
4 
FIGURE 8.8 ' LOGIC 
TYPE 
.' 
Stmt. type, 
NOPA #LOGIC# 
l o g i c a l  i t s  d i r .  l oc .  a t  NMAE (DIAG LBL) 
- 
w opera t o r  I 
LC2 
STMT# 
- 
#ENTRY OPER- DIAG- DIAG SUB 
- 
D'IACNOSIS, d 
STORAGE-ENTRY (STO-PTR) : i DIAGNOSIS (DP) : 
1 KEYENTRY (1) , 
I ,  LIST-PTR: 
I L i s t  o f  LOGIC e n t r i e s  using t h e  d i a g . ,  d  
DATA 
OP-MSG OP-RPS 
\ 0-f 
Message name., I t 
i t s  d i r .  l o c .  
a t  NAME(0P-MSG.TYPE) 
S us AFFECT OTHER--T TIMING 
VAIBE 3R;T- 
. f l o a t ]  char(2)  
FIGURE B . 9  DIAGNOSIS 
I. 
Dir. l o c .  of 
the  d i a g . ,  d I 
Y K E Y S  
D C l  1 D l A G Y O S 1 . S  B A S E D ( D P ) ,  
( L  TY'PE, 2 S T M T I )  F I X E D  tiXN, 
2 USED PTh,  
2 OP-HSG, 
( 3  A F F F ' C T E D - C O Y P ,  3 OTHER-PA'HMs) PTR. 
3 TYPii.FI2ED dIN, 
, 3 T I I Y l H ( ; ,  
4 VALUE DEC F L O A T ,  4 D I M  C N A R ( ~ L E N ) ,  
2 O P - u p s ,  
3 . V A R  - P'IR P T R I  3 Y-N CHAH(1); 
Y 
NA'ME 1 NEXT 
4 
I 
/ 
L i s t  o f  input  
v a r i a b l e s ,  
each ce1l:DCL 
(XREF1). 
I ? '  
or 
' I  ' 
VAR- 
PTR 
Y-N 
p t r c h a r l '  
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COMPONENT FAILURE, c f  : f  ( c )  
STORAGE-ENTRY (STO-PTR) : COMP-FAIL(DP): 
. I 
d 
D C t  1 CO!dP-FA IL '  B A S E D ( D P 1  , : 
, (2 T Y P E ,  ' 2  ' S T M T ~ ' )  F I X E D  U I N ,  
( 2  COFIP-SYN CNYIYt 2 F'AIL-'FUNC 2 .  F A I L - I N D E X )  F I X E D  B I N ,  
(2 P A R A I Z ~ E T E  G S ,  2 COMP-PROTECT,  2 Cr4NTS) PTR; 
KEY EN TRY(^) KEYENTRY(Z> 
r . 
DA;A I K E Y S  N A M E  I N E X T  NAME I NEXT N U L L ;  o r  
p t r  t p t r  I p t r  AFFEO. COMP 
I l i s t  o f  
-- 
. . . . p r o t i c t .  comps. 
F I G U R E  B.14: COMP - F A I L  
i 
t h e  c o m p - f a i l -  PARA- 
s e q # ,  c f  FAIL-  FA.1L- METERS 
COMP- 
PROTEC'.' 
I 
CMNTS 
m z -  D i r .  l o c .  o f  t h e  I I r component i d ,  c.. VI 
I f  1' 0 ;  S T R :  
f a i l u r e  
i n d e x  . comment, 
i f  a n y .  I I f  $ 0 t h e n  Other  -parms, , f a i l u r e  f u n c ,  PARML, i f  any;  
i a t  NAME(FAXL- e l s e  NULL. F U N C )  
PC= Ptr 
PARAMETER LIST/PR_OTECTIVE L I M I T S .  . 
PARAMETER 1 IST/ 
PARML(TP): 
/ Parameter name 
char(l2) f , l o a t  f l o a t  
~ i i e n s i o n ,  . R e f e r e n c e  p o i n t :  
I f  # 0 , .  t h e n  i t s  
d i r .  l o c ,  a t  NAME(REF-PT) 
Upp.er / . lower . 
1 i m i . t ~ ;  i f  any 
FIGURE B.15: LIMIT 
I UUT CONNECTING POINT, p I 
@ UUT . - POINT(DP) : 
STORAGE - ENTRY(ST0-PTR): I 
D C L  1 UUT-POIldT B A S E D ( D P ) ,  
( 2  TYPE;  2 S T b l T P )  F I X E O  B I N ,  
( 2  P I N - S Y i i O E Y t I 9  2 ENTRY-SEQ#)  F I X E D  BIN, 
2 CONNECTOR, 
( 3  T Y P E ,  3 POINT) CHAR(@LEN) ,  
( 2  L I I I I I ,  2 CMIJTS.  2 D I M E N S I O N )  PTR: 
L r 
KEYENTRY(1) CONNECTOR 
I 
DATA 
P t =  
I 
1 NEXT 
#KEYS N A M E  Ptr 
Dir. 1oc.of the Null, or 
UUT point, p LIMIT: lis t-val 
Iff O , ,  Protective 
limits 
I f  + 0 ,  Null ,or 
synonym , STR: for 
N a m e s o f  . comments 
I connector type & point 
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ATE FUNCTION, F 
FUNCTION (DP) 
F I G U R E  B . 1 8 :  , F U N C T I O N  
S FUNC- # P I N S  PARMS COOP 
'TYPE FUNC: 
ptr p t r  
FUNCFION BASED (DP) , 
( 2  TYPE, 2 STMT#) FIXED BIN,  
( 2  FVNC SYNONYM, 2 ENTRY SEQ#) FIXED BIN,  
2 FUNC TYPE. C I I A R ( ~ )  , 2 #FINS FIXED BIN, 
( 2  PA&%, 2 COOP FVNCS) PTR, 
2 VALUE RETD PTR, 
2 DATA TYPE FIXED BIN, 
2 LENGTH FIXED BIN, 
2 ARRAY ROUNDS PTR, 
2 CMNTS-PTR; 
/ 
STR: 
for  values 
re t u r n e d  
D i r .  loc. of the ATE for  array LIST VAL 
- f u n c t i o n ,  f 
s y n o n y m  . #pins needed in teger  lenq ';h 
for S/M type gives of char 
funct ion  t heda t a  str etc m 
seq# type I 
FUNC PARMS: I-' 
" ' ,  for Tunc. panns. 
VALUE 
mTD - 
p t r  
DATA L ARRAY 
TYPE CMNT 8 
F U N C  - P A R M S  ( T P )  
1 FUNC-PARMS B A S E D  ( T P )  , 
.< PARM ('I).. ----.-. =- P A R M ( ~ )  -. 
2 P A R M ( N V  R E F E R  ( F U N C  PARMS. I P A R M S )  ) , 
- 
3 NAME C H A R ( ~ ~ ) I  
@ 
# PARMS 
3 T Y P E  C H A R ( l ) ,  
D u m m y L m  S ( s o u g e  P r o t e c t i v e  dat! t y p e  L I S T  \ - V A L  . 
n a m e  or l i m i t s  
T (  t a r g e t )  l e n g t h  of  . 
charac ter  s t r .  e tc .  
3 DATA T Y P E  F I X E D  B I N ,  
- 
- -  m 
c - -  
L 
E 
N  
G 
T  
. H  
3 L E N G T H  F I X E D  B I N ,  
A R R A Y  
B O U N D S  
D A T A  
T Y P E  NAME 
3 ARRAY-BOUNDS P T R ;  
data t y p e  
D a t a  t y p e :  R e a l  
T Y P E  
Integer  
C h a r  
L I M I T  
b i t  
Octal 
!dfplex 
i n t e g e r  s t o r e d  i n  DATA T Y P E  
1 - 
2 
3 
4 
5 
6 
F I G U R E  B .19 : FUNC-PARMS 

LEAFS 
DCL 1 LEAFX B A S E D ( V I ~ ) ,  
2 TYPk F I  &ED i ; l t d t  . 
2 NUIIbE8 F I X E D  BIN;. . 
DCL I LLAFL  E A S E D ( V P ) ,  
2 TYPL f I L E O  UIN, .  . 
2 rJUP?uEiI LiEC F L O A T ;  ' , 
CCL 1 LEAFC.trAH L A S E D  (VF)  , 
Z TYPk F I  h E O  B l ! q g  
2 e C I i A R  F 1 x 2 0  R I t l c  
2 S I R I I ! L  L H A H ( L S  .'IIEFE'K (LEAFCHAR.ICHAR));  
DCL 1 LEAF0 I T  B , A S E D ( V ? I I  
2 T Y P t  F I ? E b  UIN, 
2 C D I T  FIBED 21Ws 
2 8ITSTK u I T ( L S  R E F E R ( R u I T 1 ) ;  
Type o f  EXPRS o r  LEAF 
TYPE Mnemonic d e s c r i p t i o n  
$FX 
$ B I T  
$CHAR 
SFL 
$STAR 
f i x e d  b i n  
b i t  s t r i n g  
c h a r  s t r i n g  
f l o a t i n g  p o i n t  
*was f o u n d  ( d e f a u l t  
v a l u e  f o r  a r g .  1 
$ARRAY a r r a y  v a r i a b l e  
F u n c t i o n  ( a r f t h .  o r  
b o o l e a n  o r  o t h e r w i s e  
o r  a r r a y  o r  v a r )  
a r i : t h  f n  o r  a r r a y  o r  v a r  * 
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SAROP . a r i t h m e t i c  o p e r a t o r  
$BOP b o o l e a n  o p e r a t o r  
b o o l e a n  p r e d i c a t e  o r  
r e l a t i o n  
v a l u e  dim e x p r .  
t o  s t o r e  a n  a s s e r t i o n  
which o c c u r s  i n  t h e  p a r a m e t e r  
of t h e  f u n c t i o n  c a l l  
FIGURE B .  2 2 :  TYPES OF E X B ~ S  OR LEAF 






DESCRIPTION OF THE AUTOMATIC PFiOGRAM GENERATION P-CT 
Department of  Computer and Information Science 
Universi ty  o f  Pennsylvania 
August 1982 
The Automatic Program Generation P r o j e c t  has  been engaged s i n c e  
1975 i n  developing very-high-level prograrmning languages. The emphasis 
h a s  been on languages which are pure ly  non-procedural. However o t h e r  
a spec t s  for a t t a i n i n g  t h e  very high-lev@l e f f e c t  were included as w e l l .  
By non-procedural, it is meant t h a t  s ta tements  i n  t h e  language can be i n  
an  arbitrary orde r  and are pure ly  d e s c r i p t i v e .  The s tatement  desc r ibes  
only  o rgan iza t ion  of  t h e  da tabases  and equat ions .  There are no c o n t r o l  
f a c i l i t i e s  such as f o r  i t e r a t i o n s ,  inpuk/output o r  memory a l l o c a t i o n s .  
These language processors  must incorpora te  b u i l t - i n  i n t e l l i g e n c e  i n  
mathematics and computer programming i n  o rde r  t o  be a b l e  to  translate 
t h e  very-high-level non-procedural language inpu t  i n t o  a convent ional  
program. The approach of  t h e  p r o j e c t  has  been t o  progress ive ly  develop 
more powerful processors  and test t h e  inherent  concepts i n  va r ious  
a p p l i c a t i o n  areas. The genera l  requirements o f  very-high-level 
programming languages are described i n  t h e  next s ec t ion .  The remaining 
s e c t i o n s  desc r ibe  spec i f  ic  developments and app l i ca t ions .  Two 
processors  have been developed t o  date; mDE-L f o r  general-purpose 
computations, and NOPAL f o r  automatic t e s t i n g  of  analog systems and 
assemblies. Research on MODEL a l s o  included conaidera t ions  o f  impact of  
new computer a r c h i t e c t u r e s ,  e s p e c i a l l y  data-flow machines. 
The re sea rch  h a s  been supported by var ious  agencies .  The basic 
research  on MIDEL w a ~  supported by t h e  Of f i ce  o f  Naval Research. The 
extens ions  of  MODEL f o r  l i nk ing  sub-system us ing  d i s t r i b u t e d  processing 
and t h e  a p p l i c a t i o n  t o  econometric modelling was supported by t h e  
National  Science Foundation. The app l i ca t ion  o f  MDDET., i n  the businese 
data processing w a s  suppo*ed by t h e  I n t e r n a l  Revenuue Service.  The 
PJOPAL system developnent w a s  supported by t h e  U.S. Army. 
Mathematical and computer complexi t ies  have been t h e  main 
impediments i n  t h e  development of  computerized systems. Ex i s t i ng  
s o f t w a r e  system are inadequate f o r  computation developnent,  e s p e c i a l l y  
f o r  large-scale  computation. The focus of  t h e  p r o j e c t  has  been on t h r e e  
classes o f  requirements.  
A. Reduce t h e  r e q u i s i t e  expertS.sa and labor o f  developers  i n  use  
of numerical and statistical methods and i n  programming, 
B. F a c i l i t a t e  t e s t i n g  and debugging of i nd iv idua l  and multi-module 
systems and t h e  experimentation wi th  large-acalo computational system, 
C. F a c i l i t a t e  growth of  computational systems. 
The boundary between t h e  func t ions  o f  the developer  and the 
computer is thus  de l inea t ed .  The human developers  are t o  be e n t i r e l y  
respons ib le  f o r  t h e  d e f i n i t i o n  o f  the da tabases  and formulat ion of 
equat ions,  which is where developers  make the real i n t e l l e c t u a l  
con t r ibu t ions .  The i n t e l l i g e n t  system is respons ib le  f o r  i n t e r a c t i o n  
wi th  the use r s ,  s e l e c t i o n  and use  o f  s o l u t i o n  methods and f o r  
programming and computation. State-of-the-art numerical methods are 
incorporated i n  t h e  computations. The system must be expendable t o  
inc lude  a d d i t i o n a l  methods as t hey  are develowd.  The above t h r e e  areas 
are b r i e f l y  described belaw: 
& Reducing B W *  izlQexkm 8f p?&em l2eY&am* 
It is necessary t o  reduce t h e  demands upon t h e  developers  f o r  
expertise i n  t h e  areas of: 
mathenrat ice--through automatic checking o f  completeness, 
non-ambiguity, and cons is tency  o f  equa t iona l  systems and automatic 
incorpora t ion  of appropr i a t e  statistical and numerical methods. 
Computer Programning-through automatic genera t ion  o f  e f f i c i e n t  
carnputer p r o g r a m  f o r  performing t h e  computation o f  local anB g loba l  
systems, base8 on very-high-level s p e c i f i c a t i o n s  o f  databases and 
eguat ions.  The generated programs may be run on a v a r i e t y  o f  computer 
a r c i t e u r e s ,  e i t h e r  l o c a l l y  o r  on a d i s t r i b u t e d  basis, w h e r e  local 
systems are executed i n  t h e  computers of the r e spec t ive  developers  which 
are l inked  through communications. 
Exgerimenting wi th  large-scale systems r equ i r e s  an  enormous number 
of computat iom. Thus, e f f i c i e n c y  o f  t h e  computations is! a key 
cons idera t ion  i n  t h e  automatic s e l e c t i o n  of statistical and numerical 
methoda and i n  program design.  
The developnent and t e s t i n g  is conducted f i r s t  on a stand-alone 
l o c a l  sub-system, followed by l inkage o f  t h e  local sub-systems ( p o s s i b l y  
i n remote computers ) . Correc t ions  t o  i nd iv idua l  s p e c i f i c a t i o n s  must be 
made also i n  t h e  very-high-level language. Debugging is f a c i l i t a t e d  by 
t h e  f a c t  t h a t  a v a r i a b l q  i n  the non-procedural language can have only  a 
s i n g l e  va lue .  Te language processor  must a l s o  conduct checking o f  
cons is tency  and completeness throughout t h e  s p e c i f i c a t i o n .  Severa l  
groups may participate i n  a developnent,  l i n k i n g  va r ious  ve r s ions  o f  
their local sub-systems wi th  o t h e r  local sub-systems. Since,  t y p i c a l l y ,  
t h e  expertise r e s i d e s  i n  t h e  local developing groups, it is very  
important to  conduct computation o f  t h e  stand-alone local systems and o f  
t h e  local p o r t i o n s  o f  a g loba l  system i n  t h e  r e spec t ive  l o c a l  computers. 
The o b j e c t i v e  is t o  be able t o  update a g l o b a l  system i n  a matter o f  
days a f t e r  modi f ica t ions  have been made i n  any o f  t h e  p a r t i c i p a t i n g  
l o c a l  systems. Another advantage is t h e  d i s t r i b u t i o n  o f  t h e  total 
e f f o r t  o f  developing a l a r g e  g loba l  s y s t e m  among a number o f  groups that 
participate i n  t h e  coopera t ive  computation. P a r a l l e l  computation o f  
l o c a l  systems wi th in  t h e  g loba l  qg te rn  is a l s o  important as it reduces 
t h e  computing t ime f o r  experimenting wi th  very  l a r g e  systems. 
Development and experimentat ion t y p i c a l l y  proceed i n  parallel. 
The g e n e r a l  tendency f o r  systems t o  grow i n  s i z e  is a t t r i b u t a b l e  t o  
two f a c t o r s :  the d e s i r e  t o  provide more d e t a i l e d  information on 
subareas  and t h e  cont inu ing  e f f o r t s  t o  better exp la in  behavior  o f  
v a r i a b l e s  through new t h e o r i e s  or by adding new d a t a  and v a r i a b l e s .  The 
l i n k i n g  o f  local systems r e f l e c t s  new i n t e r a c t i o n s  that have not  been 
considered i n  t h e  local systems. I t  is important that t h e  l i n k i n g  be 
performed au tomat ica l ly ,  as manual l i nk ing  in t roduces  e r r o r s ,  which may 
be confused wi th  t h e  i n t e r a c t i o n s  between l o c a l  systems. 
The basic language e s s e n t i a l l y  inc ludes  two types  o f  
s ta tements:  equat ions  and d e c l a r a t i o n s  desc r ib ing  an organiza t ion  o f  
databases and/or reports. e mDEL compiler produces an e f f i c i e n t  
program i n  PT.,/l f o r  performing the specified computations. The MODEL 
language has s e v e r a l  advantages f o r  use i n  spec i fy ing  l o c a l  and g loba l  
camputat ional  . systems. It  is non-procedural i n  the sense  that the 
s ta tements  are unordered and e n t i r e l y  d e s c r i p t i v e  ( no commands ) . No 
i t e r a t i o n s ,  memory a l l o c a t i o n s  o r  input /output  need t o  be specified. 
The use r  need not  be concerned w i t h  t h e  e f f i c i e n c y  o f  t h e  computation, 
which t o  a l a r g e  e x t e n t  is determined by t h e  automatic  program 
genera tor .  T+s the requirement o f  expertise i n  programming is replaced 
by a need f o r  good mathematical background, which is conmron i n  t h e  
Sciences and Engineering. 'fhe numerical and statistical m e t h o d s  
employed may o p t i o n a l l y  be suggested by t h e  user ,  otherwise the need f o r  
them is recognized by t h e  program genera tor  and t hey  are autamat ica l ly  
i n c o w r a t e d  i n  t h e  generated program. There is a pronounced 
erihancement i n  the ease and na tu ra lnes s  of expressing a computation i n  
this manner as compared t o  convent ional  p r  ramming languages. For 
example, we have experienced a ratio o f  5 : l  o f  "a t e number of  r e s u l t i n g  
object program l i n e s  i n  P w 1  t o  the number o f  source l i n e s  i n  MODEL. 
This is i n d i c a t i v e  o f  t h e  amount o f  detail which a system s p a r e s  the 
user .  One o f  t h e  o b j e c t i v e s  of  the research has been t o  i nc rease  t h i s  
r a t i o  . 
The medium of equat ions  is n a t u r a l  t o  s c i e n t i s t s  and engineers .  
For example, equat ions  are the gene ra l  mode o f  express ion  i n  economics. 
It  is t h e m f o r e  ccmmn i n  engineering t o  u se  schemat* diagrams of 
estm, c i r c u i t 8  o r  networks as the medium f o r  i npu t  t o  Computer-Aided 
Design (CAD) systems. However, these schematic diagrams are gene ra l ly  
t r a n s l a t e d  by t h e  CAD system i n t o  equat ions .  Composing equat ions  is, 
however, a labor ious  and error-prone t a s k .  It  is a l s o  necessary t o  
provide a v a r i e t y  o f  higher- level  mdesr o f  express ion  i n  which a s i n g l e  
equat ion  us ing  higher-order opera t ions  may r ep l ace  a gyoup o f  equat ions  
us ing  lamr-ordler opera t ions .  W e  have explored t h e  use  of a lgeb ras  
where ope ra t ions  are app l i ed  t o  e n t i r e  data s t ruckures  ( a r r a y s  and 
trees). I n  th is  way a s i n g l e  equat ion  us ing  high-level opera t ion  m y  
r ep l ace  a number o f  equat ions wi th  elementary opera t ions .  The 
high- leve l  ope ra t ions  o f  ma t r ix  a lgeb ra  are a n a t u r a l  candida te  f o r  
i nc lus ion  i n  t h e  s p e c i f i c a t i o n  language. The ope ra t ions  i n  t h i s  case 
are app l i ed '  t o  e n t i r e  matrices o f  vec to r s .  Matrix a lgebra  is 
p a r t i c u l a r l y  powerful i n  de f in ing  regress ion  a n a l y s i s  methods which are 
widely used i n  the envisaged app l i ca t ions .  We a l s o  found t h a t  many of  
t h e  encountered computations con ta in  manipulation o f  databases. W e  have 
thgrefore designed ope ra t ions  on e n t i r e  files, such as SELECT, MERGE, or 
SORT. Another'avepue is t o  add r e l a t i o n a l  a lgeb ra i c  opera t ions  such as 
PXUECT md JOIN. 
X t  is necessary t o  r ep re sen t  a s p e c i f i c a t i o n  i n  a convenient form, 
based ' on which implicit information is derived,  checks are conducted, 
and f i n a l l y  a schedule o f  program events  and a corresponding program i n  
Pwl are generated.  W e  have followed t h e  convent ional  approach t o  th i s  
class o f  problem by using a form o f  a directed graph t o  r ep re sen t  the 
dependencies and other r e l a t i o n s  involved i n  t h e  computations. However, 
t h e  s t r a igh t fo rward  approach o f  cons t ruc t ing  a graph i n  which each 
element o f  a n  a r r a y  v a r i a b l e  o r  each in s t ance  o f  computation o f  an 
equat ion is represented  by a sepa ra t e  node is unacceptable.  F i r s t ,  t h e  
number o f  elements i n  an  a r r a y  may vary and not  be known at  the t ime of  
program genera t ion .  Second, t h e  a r r a y  may be s o  l a rge  as t o  r e s u l t  i n  a 
huge unmanageable graph. Consequently, we have developed a new t o o l  
which we called an  KTQY gz&~, where the nodes and edges r ep re sen t  
e n t i r e  a r r a y s  o f  data o r  equat ions  and their r e l a t i o n s ,  To r e t a i n  t h e  
information on each element o f  an a r r a y  node, we  associate wi th  each 
node and edge i n  t h e  a r r a y  graph a d d i t i o n a l  information c o n s i s t i n g  of  
dimensional i ty ,  ranges ( s i z e s )  o f  a h e n s i o n s  and t h e  f o m  o f  subscript 
express ions  used. The a r r a y  graph, t oge the r  w i t h  t h e  associated 
information s u p p r t  t h e  deep a n a l y s i s  necessary t o  check t h e  
s p e c i f i c a t i o n ,  recognize t h e  need f o r  special s o l u t i o n  algori thms and 
d e r i v e  an  e f f i c i e n t  schedule f o r  a program t o  perform t h e  r e spec t ive  
computation. 
A s p e c i f i c a t i o n  can be checked on a number o f  l e v e l s ,  s t a r t i n g  from 
checking ind iv idua l  s ta tements  to checking cons is tency  and completeness 
of t h e  e n t i r e  s p e c i f i c a t i o n .  Syn tac t i c  and semantic checks are first 
p r f o r m e d  on ind iv idua l  s ta tements .  Sonae co r r ec t ions  may be made 
automat ica l ly .  I n  more d i f f i c u l t  cases, t h e  use r  is requested t o  make 
appropr ia te  co r r ec t ions .  
O f  much g r e a t e r  i n t e r e s t  are t h e  spec i f ica t ion-wide  checks o f  
completeness, non-ambiguity and consis tency.  The process  o f  checking 
t h e  e n t i r e  s p e c i f i c a t i o n  may be e s s e n t i a l l y  regarded as i n f e r r i n g  or 
"propagat ion" e s s e n t i a l  informat ion  from node to  node. Missing 
ntatements may be generated or s ta tements  yi th missing parks may be 
campleted. The u s e r  is n o t i f i e d  where co r r ec t ions  have been made 
a u t o ~ a a t i c a l l y  o r  where u s e r  i n t e rven t ion  s necessary. The problems 
discovered are described t o  t h e  u s e r  i n  non-procedural terms, i.e., 
without r e f e r r i n g  to  programming details. The following gene ra l  types 
of a n a l y s i s  t a k e  p l ace  : 
1. Dimensionality, subsc r ip t ing ,  s i z e  o f  dimensions and data types 
of vaqiab les  are checked through propagat ing them from node t o  node. 
2.  Data d e s c r i p t i o n  s ta tements  are generated f o r  v a r i a b l e s  
referenced i n  t h e  equat ions  b u t  no t  descr ibed  by t h e  user .  
3. Equations are generated t o  relate same named inpu t  and output  
v a r i a b l e s ,  
4. So lu t ion  methods f o r  simultaneous equat ions  are indica ted  
wherever q set o f  simultaneous equat ions  is detected. S imi l a r ly ,  
op t imiza t ion  methods are included when there are more unknowns than  
equat ions,  and an ob jec t ive  func t ion  and a set o f  c o n s t r a i n t s  are 
defined by the user .  
Our experience t o  date has ind ica t ed  t h a t  t h e s e  checks are very  
powerful i n  l o c a t i n g  u s e r  errors. Th i s  a spec t  o f  the system is ve ry  
important t o  achieve  r e l i a b i l i t y  of  t h e  computations, as large-scale  
systems are p a r t i c u l a r l y  prone t o  the occurrence o f  errors. 
m o  problems areas are forseen  her@. F i r s t ,  a u s e r  composed 
s p e c i f i c a t i o n  m y  no t  be complete because it does n o t  e x p l i c i t l y  s p e c i f y  
saae needed algorit-. W e  a m  no t  proposing t o  develop new 
caqpu ta t iona l  a lgori thms,  b u t  i n s t ead  t o  incorpora te  i n  t h e  l i b r a r y  o f  
the system t h e  most widely used a l g o r i t h m  i n  t h e  areas o f  nsolution o f  
simultaneous equat ions,  op t imiza t ion  and regress ion  a n a l y s i s .  W i t h  each 
of  t h e s e  a lgor i thms would be provided a method o f  a n a l y s i s  o'f t h e  a r r a y  
graph which would recognize the need f o r  uee of the re spec t ive  
algori thms.  The u s e r  would a l s o  be able t o  suggest  t h a t  selected 
a lgor i thms be employed. I n  t h i s  case the q s t e m  w i l l  check t h a t  these 
algori thms are indeed appropr ia te .  
The s y s t e m  genera tes  a custom-tai lored subprogram O o  W l e m e n t  the 
aelected algor i thm and incorpora tes  it i n  t h e  o v e r a l l  program. Them 
are two approaches t o  t h e  implementation. One approach is to  d e f i n e  the 
algori thm i n  t h e  Bource M3DEL language. I n  sane cases t h i s  approach 
leads t o  a more e f f i c i e n t  proyram as the opera t ion  of the a lgor i thm can 
be better inkegra tad  wi th  the rest o f  the s p e c i f i c a t i o n .  However thi8 
r e s u l t s  i n  a l a r g e r  s p e c i f i c a t i o n .  The o t h e r  approach is the insert:  t h e  
a lgor i thm i n  one p i ece  dur ing  t h e  PL/1 code genera t ion  phase. 130th 
methods have been u t i l i z e d ,  depending on the s p e c i f i c  s i t u a t i o n s .  
The second pmblem area concerns ob ta in ing  a s o l u t i o n  which would 
be satisfactory to  the user .  Because o f  cons idera t ions  o f  e f f i c i e n c y  
and also because the equat ions  may be non-linear, it is gene ra l ly  
necessary t o  q l o y  i t e r a t i v e  methods t o  perform s o l u t i o n s  or 
opt imiza t ion  computations. I t e r a t i v e  methods o f  s o l u t i o n  may no t  
converge or may lead t o  unsa t i s f ac to ry  s o l u t i o n s .  I n  such cases, it is 
necessary to  provide information t o  the u s e r  on the equat ions  and 
v a r i a b l e s  t h a t  are involved, and on the progress  o f  the so lu t ion .  The 
u s e r  must be able to  recognize, based on t h i s  information, the source of 
t h e  problem. and make appropr i a t e  adjustment i n  t h e  equat ions,  t h e  methdl 
us&, or i n  the i n i t i a l  condi t iona .  These changes must be expressed -in 
t h e  s p e c i f i c a t i o n  o f  t h e  computations. 
The c a p a b i l i t y  f o r  producing e f f i c i e n t  programs is a key 
requirement because o f  t h e  large-scale  o f  t h e  computations. Research i n  
program c ? f  fi c:i c?ntry hnn gene ra l ly  been very  d i f f i c u l t  and labor ious ,  due 
t o  t h e  c:omylt?x nnnlyiii t~ and modelling t h a t  is nac:c?nsary f o r  eva lua t ion  
of e f f i c i e n c y  approaches. Severa l  aspects o f  t h i s  problem an8 
r e spec t ive  approaches a r e  b r i e f l y  reviewed be low .  
F i r s t ,  we have been implementing t h e  i n t e l l i g e n t  system f o r  
d i s t r i b u t e d  cooperat ive computation using t h e  PL/1 language rather than  
o t h e r  languages which might. hc? c?anier t o  program b u t  would be 
i n e f f i c i e n t  i n  execut ion.  Despi te  t h a t ,  it would be a minor undertaking 
t o  produce t h e  programs i n  another  compiler language, such as F'OIITRAN. 
The o v e r a l l  system is very  l a r g e  (prc?nently approximately 20,000 
s ta tements  i n  PIJ1) and consumes s i g n i f i c a n t  amounts o f  computer time to  
genera te  a pragram. For example, a s p e c i f i c a t i o n  o f  approximately 200 
MODEL s ta tements ,  from which a program o f  approximately 1000 PL/1 
s ta tements  is produced, r e q u i r e s  two t o  f o u r  t imes  more computer t d  
than  tho P&/l compilat ion o f  t h e  r e spec t ive  program. This  is still 
wi th in  an acceptable range o f  computing costs, t ak ing  i n t o  account the 
p resen t  t r adeo f f  o f  c o s t s  o f  computer time and software.  Much l a r g e r  
s p e c i f i c a t i o n s  wi th  thousands o f  r e q u i r e  much more computing 
time, and t hey  must be park i t ioned  Per local systems. 
I n  composing a s p e c i f i c a t i o n  o f  a computational system, the u s e r  
chooses a n a t u r a l  and easy r ep re sen ta t ion .  Typica l ly  t h i s  choice  does 
not correspond to  t h e  most e f f i c i e n t  method of  computation. I t  is up t o  
t h e  system t o  map t h e  u s e r ' s  r ep re sen ta t ion  i n t o  an  e f f i c i e n t  procedural  . 
computer program. An o v e r a l l  flow o f  program events  is produced i n  a 
s k e l e t a l ,  object language independent £0- called a schedule. The f i n a l  
program genera t ion  phase translates ind iv idua l  e n t r i e s  i n  the schedule 
i n t o  s ta tements  i n  t h e  object language. Thus, t h e  u s e r  o rde r ing  o f  t h e  
s ta tements  i n  t h e  a p e c i f i c a t i o n  is not  s i g n i f i c a n t .  Also t h e  u s e r  
d e s c r i p t i o n  o f  d a t a  is independent o f  t h e  medium o f  t h e  data. i.e., 
whether it is i n  i n t e r n a l  ( c o r e  ) o r  e x t e r n a l  (secondary s t a g e )  memory, 
o r  i n  the form o f  messages received through couununication l i n e s .  The 
system determines t h e  schedule based on t h e  a r r a y  graph and the 
information a s soc iy t ed  wi th  r e spec t ive  nodes and edges. 
In the cane of an  equat ion  de f in ing  elements o f  a n  a r r a y  v a r i a b l e ,  
the schedule c a l l ~ . f o r  e p e t i t i v e  c a l c u l a t i o n s  of  t h e  equat ion f o r  all 
values w i t h i n  t h e  ranges o f  t h e  s u b s c r i p t s .  Thus t h e  schedule nc loses  
'f 
equat ions w i t h i n  r e p e t i t i v e  loops which might be nes ted  i f  the 
respective =Fays are o f  mu l t ip l e  dimensions. Determining t h e  scope o f  
i t e r a t i o n s  is a key f a c t o r  i n  achieving e f f i c i e n c y  i n  use  of  memory and 
a m p u t a t i o n  t ime.  General ly ,  maximizing t h e  scope o f  i t e r a t i o n s  enables  
shar ing  memory l oca t ions  by elements o f  t h e  s* o r  related a r r a y  
va r i ab l e s .  However, i n  soma complex cases th i s  r u l e  is n o t  s u f f i c i e n t  
and it is necessary t o  a c t u a l l y  compute t h e  memory requirements of  
d i f f e r e n t  candida te  scopes of i t e r a t i o n s  ko select the one which is most 
economical i n  use  o f  menrory. 
naximally-strongly-connected components i n  t h e  a r r a y  graph imply 
the exis tence  o f  one of  seve ra l  cases as follows: simultaneous 
equations, optimizat ion,  or t h a t  the so lu t ion  sequence cannot proceed i n  
t h e  order  of ascending subscr ip t  values.  An i t e r a t i v e  method may be 
a m l i c a b l e  i n  these cases. A user  may opt fonal ly  designate a set of 
simultaneous equations as a block (poss ib ly  nested blocks) and provide 
i n i t i a l  values,  convergence condit ions,  and maximum number of  i terat i-on8 
i n  the numerical so lu t ion .  In  the absence o f  such spec i f i ca t ion ,  t h e  
system recogniees automatical ly the existence of  simultaneous equations 
and selects d e f a u l t  values f o r  t h e  parameters of  the i t e r a t i v e  solu t ion .  
Straightforward i t e r a t i v e  solu t ion  of  a l l  t h e  equations may r e s u l t  i n  a 
very l a rge  sparse  set of  simultaneous equations w h i c h  is very 
i n e f f i c i e n t  to  solve.  It  is necessary the re fo re  t o  f ind  dense c l u s t e r s  
( o r  have t h e  user  specify blocks) of  w a t i o n s  i n  each l~ca4  
ca;oi?utational s y s t e m .  Then each c l u s t e r  or block is solved i t e r a t i v e l y ,  
repeating the so lu t ions  o f  a l l  the c l u s t e r s  o r  blocks u n t i l  the changes 
i n  values of  the va r i ab les  are wi th in  t h e  convergence limits. The 
i t e r a t i v e  so lu t ion  of  a block o r  a c l u s t e r  o f  simultaneous equations is 
nested wi th in  l o c a l  o r  g lobal  s y s t e m  i t e r a t i v e  solu t ions .  The i t e r a t i v e  
so lu t ions  of  a l l  t h e  local s y s t e m  may be conducted i n  parallel, using 
t h e  computers of  the developers o f  the respect ive  local systems. 
The generat ion of  a schedule f o r  each iocal system w a s  b r i e f l y  
reviewed i n  t h e  previous sec t ion .  Computation of each local system is 
performed acquent ia l ly  following t h e  order  of  events  spec i f i ed  i n  t h e  
schedule. However, the local systems i n  a global  d i s t r i b u t e d  
configurat ion are computed i n  parallel i n  respect ive  computers, whenever 
poss ib le .  m a 1  systems are viewed as d a t a  driven.  i .e. ,  they each 
read and a w a i t  receipt of  d a t a  £run other local s y s t e m  and then proceed 
with computation and send d a t a  t o  other local s y s t m .  O f  major concern 
is assur ing  that -Q&@ do not  develop where local systems c i r c u l a r l y  
a w a i t  for input  on which their outpaf. At?r#mdt~ .  On(? poss ib le  approach is 
to provide m monitor proqraxn that w i l l  synchronize a l l  t h e  local systems 
on a dynamic b s i  R at nin'time j~nd recognize developnent o f  deadlocks. 
mi sa, hmuc?vc?r, rc?nallf.r; i n  i r.rctf fi c i  encies  anel does not provide t h e  use r  
with s u f f i c i e n t  i n f o m a t i o n  t o  explain the reasons f o r  deadlocks. W e  
have elected t o  schedule and synchronize a l l  t h e  l o c a l  systems a priori, 
to prevent t h e  occurrence of  a deadlock. 
g loba l  schedule is generated using the aznme methodology as f o r  
t he  local s c h e d ~ l e .  There 1s no need Lo have Lhe same l e v e l  of  d e t a i l  
3.n generating's g loba l  schedule as f o r  t h e  l o c a l  one. In  both cases the 
input  is e s s e n t i a l l y  the respect ive  a r r a y  graph. In  the caee of a l o c a l  
system, the input  is the a r r a y  graph o f  the respect ive  spec i f i ca t ions .  
I n  the case of the g loba l  schedule, t h e  input  is a reduced a r r a y  graph 
of t h e  e n t i r e  g lobal  systexr~, where a node, o r  few nodes, represent  an 
e n t i r e  local system. 
1t is necessary t o  coord ina te  t h e  local schedules  and t h e  g loba l  
schedules t o  r e f l e c t  t h e  same dependencies and synchronizat ion.  For 
t h i s  reason,  we genera te  w i th  each one o f  the local schedules  a l s o  a set 
of :anstraints t h a t  r e f l e c t  t h e  o rde r  of  t h e  communications 
of  t h e  local system wi th  e x t e r n a l  local systems. These precedence 
c o n s t r a i n t s  are used o p t i o n a l l y  ae an  a d d i t i o n a l  i npu t  i n  genera t ing  the 
g loba l  schedule.  I n  this  way w e  a s s u r e  correspondence between any two 
schedules .  The process  can a l s o  proceed i n  the o t h e r  d i r e c t i o n ,  
genera t ing  first a g l o b a l  schedule and ob ta in ing  precedence c o n q t r a i n t s  
which are then  used aa an  a d d i t i o n a l  i npu t  i n  genera t ing  each one o f  the 
l o c a l  schedules .  This is f u r t h e r  discussed below. I t  can be shown that 
a deadlock-free synchronizat ion can be obtained i n  t h i s  way, i f  t h e  
l o c a l  8ystems are well-defined. This  involves a f a i r l y  complex theory 
and it would be necessary t o  i n v e s t i g a t e  and v e r i f y  it by test of  the 
i n t e r a c t i o n s  between local a y s t e m s  i n  the context  o f  a large-scale  
computational system. 
The MODEL system has been used f i r s t  i n  va r ious  accounting systems 
t o  i n v e s t i g a t e  a p p l i c a b i l i t y  t o  bus iness  data processing.  More r e c e n t l y  
t h e  system has been uaed i n  large-scale  econometric modelling t o  
i n v e s t i g a t e  a p p l i c a b i l i t y  t o  s c i e n c i f i c  computations. 
The bus ines s  data processing use  stressed large-scale  s y s t e m  where 
t h e  atuomatic program genera t ion  is used t o  b e s t  advantage. The i n i t i a l  
external use  o f  MODEL was by the I n t e r n a l  Revenue Service i n  conver t ing  
d a t a  on payments from d i v e r s e  companies i n t o  a v a r i e t y  o f  s tandard  
statistics and formats. Program were generated based on d i v e r s e  data 
organiza t ions  employed by approximately 50 companies. 
A n  on-going use o f  E%DDEZ involves  conversion, updat ing and redesign 
of  approximately 500 COBOL programs by the Navy Accounting and 
Di8burs ing  Center  i n  San Diego, C a l i f o r n i a  . 
- There were also s e v e r a l  experimental  uses  o f  W D E L  t h a t  included 
development o f  complex accounting syet- t o  i n v e s t i g a t e  the eaae i n  
changing accounting r u l e s  t o  respond t o  new requirements.  
The use  o f  MODEL i n  econometric modelling has been conducted i n  
connection wi th  P p j e c t  LINK, which is a coopera t ive  p r o j e c t  involving 
sane 25 reeeach i n s t i t u t i o n s  that j o i n t l y  develop a world-wide 
econometric model. Th i s  app l i ca t ion  stressed large-scale  computations, 
involving t e n s  o f  thousands o f  equat ions  and d i v e r s e  data bases. It 
fiI.80 involved l i nk ing  o f  independently developed country or region 
econometric models t o  form a world-wide model. 
Automatic t e s t  system (ATS) may be viewed as consisting 
essentially of three main components: 1) The automatic t es t  equipment 
(ATE), 2 )  The software and 3 )  The unit under t es t  (UUT).  We w i l l  focus 
on the eoftware for ATS, which consists of t e s t  programs for each 
individual UIPT that is t o  be maintained. A large number of program are 
needed for the great diversity of m a .  The cost of ATS software 
greatly exceeds the costs of the ATE equipment. The f i r s t  task i n  
developing a diagnostic t e s t  program for a W T  consists of analysis of 
the WT, determination of the effect of failures of components and 
design of tes ts  by which these failures may be isolated and diagnosised. 
It is then necessary t o  prepare an efficient t e s t  program that w i l l  be 
used with the ATE to  perform the testa and produce appropriate 
diagnoses. These two tasks are enormously complex and laborious. It 
has been necessary, therefore, t o  develop computerized aids for their  
performance. While there ha8 been extensive activi t  in  developing 
computerized aids for testing digi ta l  circuits,  there has been 1; 
relatively l i t t l e  development of computerized aids for testing analog 
circuits.  The NOPAL system is addressed primarily t o  ATPG for analog or 
hybrid ( analog/digital) circuits.  We have developed a t w o  part NOPAL 
system t o  perform the functions of the electrical engineer and 
programmer, respectively. The two system are denoted as the Top Part 
and Bottom Part. 
The objective of the Toppar t  f the system is t o  find a a m a l l  and 
effective set  of diagnostic t es t s  f ! r a Urrr, and express it i n  the NOPAL 
language. The procse is illustrated i n  the figure below, The inputs 
required of the user are shown on the l e f t  side, the methodology and 
processes are shown a t  the center andi the output reports are shown on 
the right. 
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~ h e r 9  are s i x  inputs :  ( 1 )  c i r c u i t  desc r ip t ion ,  (2) acces s ib l e  test 
te rmina ls ,  ( 3 ) uUT f a i l u r e  d e f i n i t i o n s ,  ( 4 )  f a u l t  i s o l a t i o n  t e s t i n g  
ob jec t ives ,  ( 5 ) measurement accuracy, and ( 6 ) i n i t i a l  condi t ions .  The 
first inpu t  is requi red  and the remaining are .opt iona1 .  
Circllit- . . pf: m: The a n a l y s i s  o f  the c i r c u i t  is based 
on s imula t ion  of  f a u l t s .  The modeling is based on t h e  schematic c i r c u i t  
drawing o f  the UUT. The schematic diagram may c o n s i s t  o f  r e s i s t o r s ,  
capac i to r s ,  inductors ,  mutual-inductances, vo l tage  and c u r r e n t  sources,  
b i p o l a r  and FCP devices  and in t eg ra t ed  c i r c u i t s .  Accurate modeling of  
complex components may be an involved task, however s u f f i c i e n t  publ ished 
data is a v a i l a b l e  f o r  popular  components. Each c i r c u i t  component is 
given a unique name, where the f i r s t  letter i d e n t i f i e s  t h e  component 
type. The va lue  of  any element may be def ined  by a numerical cons tan t ,  
table, o r  mathematical expression . Component t o l e rances  are specified 
by s t a t i n g  t h e  maximum percentage dev ia t ion  from the nominal value.  
Each circuit node is assigned a name. Current  flw d i r e c t i o n  and source 
p o l a r i t i e s  are also indica ted .  The s t a t u s  of mechanical switches o r  
potent iometers  are treated as d i f f e r e n t  i n i t i a l  condi t ions  of t h e  
system. The d e s c r i p t i o n  o f  an  equiva len t  circuit fol lows conventions 
used i n  Computer Aided C i r c u i t  Analysis  (CANA) programs. W e  use the NAP 
2 CANA and follow its conventions. 
B y a i m  pf =.-r Any o f  t h e  c i r c u i t  nodes may be 
used f o r  a t t ach ing  test devices ,  However, t h e  u s e r  may restrict the 
class o f  t e rmina l s  a v a i l a b l e  f o r  t e s t i n g  t o  e x t e r n a l  con tac t s  on the 
c i r c u i t  M. 
-2 The o b j e A i v e  o f  t e s t i n g  is t o  d iscover  t h e  
components of the UUT that have f a i l e d  i n  a manner def ined  by the u s e r ,  
S ince  f a i l u r e  is a r e l a t i v e  concept,  any dev ia t ion  from a components' 
nauina l  va lue  may be dec lared  by the u s e r  t o  be a f a i l u r e .  Typica l ly  
catastrophic (open and s h o r t  c i r c u i t )  are most cownon. To ease the 
tasks of i n p u t  prepara t ion ,  i nd iv idua l  c a t a s t r o p h i c  f a i l u r e s  are 
included au tomat ica l ly  and the use r  has t o  dec l a re  only  the remaining 
f a i l u r e  d e f i n i t i o n s  ( i . e  mu l t ip l e  component f a i l u r e s )  as changes t o  the 
n d n a l  circuit desc r ip t ion .  The number o f  tests that are requi red  is 
related t o  the number o f  f a i l u r e s .  Tes t ing  t o  diagnose a l a r g e  number 
of  p o t e n t i a l  f a u l t s  may be extremely t ime consuming and expensive. The 
u s e r  can compromise between c o s t  and q u a l i t y  by r e s t r i c t i n g  t h e  test 
o b j e c t i v e s  t o  d iscover  only  the more l i k e l y  o r  most harmful f a i l u r e s .  
Pault Isolation Teet v: To reduce t h e  number o f  tests and 
lower t e s t i n g  . cos t s ,  t h e  u s e r  may wish t o  accept tests which w i l l  
s ame t ims  no t  l o c a t e  a f a i l u r e  i n  a s p e c i f i c  component, b u t  i n  a smal l  
group o f  camponents. The f a i l u r e  i s o l a t i o n  requirement is expressed i n  
s ta tements  denot ing that Pk% o f  t h e  total number o f  poss ib l e  f a i l u r e s  
may be loca ted  i n  ambiguous classes c o n s i s t i n g  o f  k o r  less components. 
P ' s  are cumulative percentages,  t h e r e f o r e  P k l  < Pk2--Pkn and kl c 
k2-kn . 
-&, -: Three types  o f  accuracy may be spec i f i ed  ( 1 ) 
minimum measurement threshold ,  ( 2 ) percentage inaccuracy o r  t h e  
measurement, ( 3 )  number o f  s i g n i f i c a n t  d i g i t s  o f  t h e  measured value.  
Znitialsansuuw . . I A f i n a l  o p t i o n a l  i npu t  s e c t i o n  s p e c i f i e s  a l s o  
the i n i t i a l  condi t ions  o f  the vuT t o  speed t h e  computer so lu t ion .  
The f i r s t  component o f  the process  ( P l )  creates a f a i l u r e  
d i c t i o n a r y  aata base f o r  the UUT, based on the UUT c i r c u i t  and f a i l u r e  
d e s c r i p t i o n  suppl ied  i n  t h e  input .  
The next  component (P2)  genera tes  candida te  s t i m u l i  and 
measurements for tests using the three s t r a t e g i e s  described below, one 
at a time. F i r s t ,  smal l  vo l tage  s t i m u l i  ( d . c .  o r  a.c., depending on 
the type of components involved)  are connected t o  connecting - p o i n t s  of 
the WJT., with  the o b j e c t i v e  o f  measuring impedance@ at the connection 
p o i n t s .  This  is referred t o  as the s t r a t e g y .  N e x t ,  the 
WT is pawered wi th  the nominally specified d.c. power sources,  and 
vol tage  and c u r r e n t  measurements are conducted at  the a v a i l a b l e  nodes. 
This s t r a t e g y i s  r e f e r r e d  t o  as a d.c.-nominal. F ina l ly ,  a n  a.c. 
s i g n a l  is appl ied  t o  i npu t  connecting p o i n t s  and use r  s p e c i f i e d  tests 
are conducted. Th i s  s t r a t e g y  is referred t o  as B.C. - aianal . The syatem 
des ign  process  provides  o r  a d a i t i o n  of more test s t r a t e g i e s  i n  the 
fu tu re .  These s t r a t e g i e s  are a l l  employed one at a t ime i n  the above 
order .  An enhancement o f  adding a s t r a t e g y  of  applying m u l t i  frequency 
s t i m u l i  is part of this  proposal ,  described i n  Sec t ion  4. 
N e x t  i n  (P3) ,  t h e  c i r c u i t  behavior  is simulated with t h e  above 
s t imulus  applied, wi th  t h e  components having nominal va lues  and wi th  the 
components having f a i l u r e  condi t ions  enumerated i n  t h e  f a i l u r e  
d i c t iona ry ,  one at a t ime.  The s e n s i t i v i t y  o f  the c i r c u i t  response due 
t o  t o l e r a n c e s  is also determined f o r  each case. A CANA program, NAP2 
has been selected t o  perform the eimulia2;ion based on cons ide ra t ions  o f  
economy o f  camputer usage costs. The s imula t ion  produces, for the 
n d n a l  case and f o r  each f a i l u r e ,  ranges o f  measurable phys i ca l  
e n t i t i e s  (vol tage ,  cu r r en t ,  phase, etc . ) observed at  connecting po in t s .  
I n  t h e  4 t h  component (P4) ,  each range t o  be v e r i f i e d  by a 
meaeurement is specified i n  an  nseertian. These a s s e r t i o n s ,  t oge the r  
wtih information on t h e  associated connect ing p o i n t s  f o r  t h e  s t imulue 
and measurement and on t h e  associated f a i l u r e s  are i n s e r t e d  i n t o  a 
F a i l u r e  Symptam Table. 
Baaed on this i n f o m a t i o n ,  it is poss ib l e  i n  P5 and P6 t o  v e r i f y  i f  
t h e  tests f o r m u l a t d  s o  far meet the ambiguity requirement s ta tements  
e e t  f o r t h  i n  the inpu t .  If t e s t i n g  o b j e c t i v e s  are s t i l l  not  met, the 
next strategy is employed, new tests are examined and the c i r c u i t  is 
simulated u n t i l  t h e  above c r i t e r i o n  is m e t ,  o r  u n t i l  a l l  test s t r a t e g i e s  
have been exhausted. 
When it. is determined that the ambiguity l e v e l s  of f a u l t  i s o l a t i o n  
are s a t i s f i e d ,  the P7 component is i n i t i a t e d .  The purpose of  process P7 
is t o  reduce the number o f  tests t o  be performed without l o s s  of  f a u l t  
diagnosis  apd i s o l a t i o n  capab i l i ty .  There are three optimizat ion s teps . .  
F i r s t ,  t h e  t q t a l  number of  test se tups  is minimized s ince  se tup  f o r  a 
test  consumes the longest time i n  a c t u a l  t e s t i n g .  Second, the ava i l ab le  
a s se r t ions  of the remaining tests are f u r t h e r  reduced. F inal ly ,  
diagnosis  log ic  is found such that only the minimum number of  tests i n  
the remaining set are perfonned t o  diagnose and isolate each f a i l u r e  o r  
group o f  equivalent  f a i l u r e s .  
The repor t s  produced by the Toppart give  a step by s t e p  p i c t u r e  of  
t h e  progress of  c i r c u i t  ana lys i s  and t e a t  design.  This repor t ing  gives 
the user  s u f f i c i e n t  information i n  order  t o  overcome a v a r i e t y  o f  
problems that  may arise. 
. . 
v r  The f a i l u r e  d ic t ionary  c o n s i s t s  o f  the 
ca tas t roph ic  f a i l u r e s  of  the individual  components o f  the c i r c u i t  and 
any other f a i l u r e  modes spec i f i ed  by the user .  
This is a d a t a  base consis t ing  of the 
unmodified outputs  o f  the NAP2 system f o r  each simulation o f  the 
c i r c u i t .  
Stirrmlus. --recrion and Pailure Tables: This 'is a series 
of tables which show t h e  t e a t s  i n i t i a l l y  selected and progressively 
those re ta ined o r  consolidated i n  the test optimization process, as wel l  
as the basis f o r  de lec t ion  of other tests. 
. . 
- 8  An elementary group o f  f a i l u r e s  where it is not 
poss ib le  t o  d i s t ingu i sh  further .between the individual  (or subgroups o f )  
f a i l u r e s  is referred t o  ae an of f a i l u r e s .  This  r epor t  
is i n  a form of  a table with a rem f o r  each equivalent  class. The 
c o l ~  c o n s i s t  of an i d e n t i f i c a t i o n  numker, the number of f a i l u r e s  
(referred to  aa the a m U g U Q ) ,  the percentage of  the t o t a l  number o f  
f a i l u r e s ,  a cumulative percentage, and a list of the component names and 
their f a i l u r e  functions cons t i tu t ing  the equivalence class. 
H s E A L I T a s t w  . . 8 This r epor t  c o n s i t i u t e s  the f inal  
docunaentation of the test requirements. The NOPAL test spec i f i ca t ion  is 
shown and explained i n  the next sec t ion .  In  addi t ion  there are severa l  
sunanary reports. 
The Bottom Part can be used by itself, where t h e  user  composes the 
NOPAL language spec i f i ca t ion ,  or can be used i n  conjunction w i t h  the mp 
Part, where the NOPAL spec i f i ca t ion  is generated automatically. I n  the 
former case, use of NOPAL is advantageous over programming d i r e c t l y  i n  
ATLAS. 
The major part o f  a NOPAL s p e c i f i c a t i o n  c o n s i s t s  of  s p e c i f i c a t i o n s  
of ind iv idua l  tests. Some d e s c r i p t i o n  o f  t h e  tests an8 diagnoses f o r  
the UUT must be a v a i l a b l e  p r i o r  t o  the u s e r  copposi t ion o f  a NOPAL 
s p e c i f i c a t i o n .  Tes t  descriptions are t y p i c a l l y  a v a i l a b l e  i n  t e c h n i c a l  
o r  maintenance manuals f o r  t h e  UUT o r  i n  s p e c i f i c a t i o n s  o f  acceptance 
tests. If a good d e s c r i p t i o n  of these tests exists, t h e  p r o g r a m e r  
needs on ly  t o  restate t h e m  ind iv idua l ly  i n  the NOPAL language. The 
d e r i v a t i o n  of tests f r equen t ly  r equ i r e s  deeper a n a l y s i s  o f  the UUT. 
Such a n a l y s i s  can be performed manually o r  by the Top P a r t  o f  NOPAL. 
If the d e s c r i p t i o n  o f  the tests is not  a v a i l a b l e  from the Top P a r t ,  
t hen  the programmer specifies t h e s e  tests i n  NOPAL, one at a time, i n  an 
arbitrary order .  There is no need t o  cons ider  the o rde r  o f  execut ion o f  
tests. Each test is r e l a t i v e l y  independent o f  the o t h e r s .  Further, a 
test is div ided  i n t o  r e l a t i v e l y  independent subparts. Each test 
con ta ins  six subpartar  s t i m u l i  t o  be appl ied  t o  t h e  ULPP, measuremento 
to be taken,  r e l a t i o n s  t o  be evaluated,  l o g i c  f o r  s e l e c t i n g  the 
diagnoses,  and the re spec t ive  i n t e r a c t i o n  wi th  the ope ra to r  through 
and responses.  The programmer need not  be concerned about the Fi:zEg o f  the t e s t a  o r  t h e  order ing  o f  s ta tements  w i th in  a test. 
There is a l s o  no need to  dec l a re  i n t e r n a l  v a r i a b l e s  o r  provide 
input/output and i t e r a t i o n  s tatements .  The s e l e c t i o n  of algori thms that 
are e f f i c i e n t  i n  use  o f  computer t ime and memory, normally performed by 
an  AmAS prograxuner, is performed automat ica l ly  by the NOPAL processor .  
The u s e r  o f  NOPAL need not  be concerned wi th  s e l e c t i o n  o f  ATE 
devices  and connection p o i n t s .  Thus, it is not  necessaxy that a use r  
possesses  t h i s  type of  expertise. Ins tead ,  the u s e r  refers t o  functions 
defined elsewhere without  r equ i r ing  knowledge o f  t h e  s t i m u l i ,  
nreasurements or computations that are involved. 
!adZali3xskiwQff;hr:- . . t i n  a d d i t i o n  t o  the a n a l y s i s  
of  the syn tax  and semantics o f  i nd iv idua l  s ta tements ,  the NOPAL 
processor  performs g l o b a l  ana lye i s  t o  detect incompletenesses. 
ambigui t ies  or incons i s t enc i e s  i n  the o v e r a l l  s p e c l f i ~ a t i o n .  These 
checks a s s u r e  that a l l  the v a r i a b l e s  have been defined,  that ambiguous 
naming o f  v a r i a b l e s  has no t  occurred, and that t h e r e  is cons is tency  i n  
d imens ional i ty  of v a r i a b l e s  and i n  t h e  use  o f  subecripts o f  a r r a y  
va r i ab l e s .  The Bottom P a r t  o f  t h e  NOPAL qs tm at tempts  i n  some eases 
to correct t h e  s p e c i f i c a t i o n  automatical ly ,  while producing warning 
messages for t h e  use r .  I n  o t h e r  caees, error messages are issued ,  
expla in ing  t h e  problemrr discovered and e o l i c i t i n g  co r r ec t ions  from t h e  
user .  S ince  the PSOPAL language is non-procedural it is much easier to  
perform t h e s e  checks on a NoPAL s p e c i f i c a t i o n  khan on a program i n  a 
procedural  language such aa ATLAS. The g l o b a l  checking i n  NOPAL should 
lead t o  a more reliable and complete program. 
and once a s p e c i f i c a t i o n  h a s  been 
ccmpleted an8 an A W  program generated,  the u s e r  can run the produced 
program on t h e  ATE wi th  a UUT t o  check whether t h e  program performs 
accozding to  the i n t e n t i o n s  of the programmer. I n i t i a l l y  the u s e r  may 
generate  an ATLAS program that inc ludes  a t r a c e  o f  a l l  a c t i v i t i e s .  The 
ATW program wi th  a t r a c e  inc ludes  the output  o f  r e s u l t s  o f  all 
measurements and tests. Another vers ion ,  without  a trace is generated 
f o r  product ive use  Deviations o f  ou tput  v a r i a b l e s  from what t h e  u s e r  
expected may be observed by running the program. Due t o  the 
non-procedural na tu re  of NOPAL, the o d e r  o f  t h e  s tatements  is 
inmaterial, and a v a r i a b l e  can have only  a s i n g l e  value.  There is no 
need i n  the debugging t o  f i n d  t h e  app ropr i a t e  p l ace  for the 
modifications o r  to  trace the d i f f e r e n t  va lues  that are stored i n  a 
v a r i a b l e  memory l o c a t i o n  dur ing  the execut ion o f  a program, a8 is the 
case when debugging or modifying a n  ATLAS program. The u s e r  must on ly  
examine the s ta tements  that d e f i n e  the r e spec t ive  v a r i a b l e s .  If an 
error or a change is desired, it is necessary t o  modify these 
statearents  and genera te  a new program i n  ATLAS. 
r2QsamS- the Bottom-Part produces three types of 
documentation which are used i n  debugging and modifying a s p e c i f i c a t i o n .  
The first type c o n s i s t s  of a l i s t i n g  o f  the NOPAL specf  f i c a t i o n ,  which 
h a s  been refoxmated f o r  easy readability. The ind iv idua l  parts af the 
specification are c l e a r l y  i d e n t i f i e d  and an  inden ta t ion  scheme is used 
t o  i n d i c a t e  t h e  r e l a t i o n  between parts and c o n s t i t u e n t  subparts. N e x t ,  
there are a variety o f  croes-reference reports. One cross-reference 
report shows the usage of a l l  i d e n t i f i e r s  ( i .e .  v a r i a b l e s ,  connect-fons, 
s t i m u l i  and measurement funct ions,  e t c ) .  Other reports cross-reference 
va r ious  components of t h e  s p e c i f i c a t i o n s ,  such as the diagnoses selected 
by r e spec t ive  tests, o r  t h e  f a i l u r e s  o f  the Wr detected by re spec t ive  
tests. The list o f  f a i l u r e s  a l low the u s e r  t o  check that the program 
indeed tests for a l l  the types o f  f a i l u r e s  which the program is intended 
t o  diagnose. The f i n a l  type o f  r e p o r t  c o n s i s t s  o f  flowcharts f o r  each 
of the tests and f o r  the o v e r a l l  program. Th i s  type o f  report is 
soabetimes h e l p f u l  i n  debugging, as it a l s o  shows t h e  va r ious  
dependenciels between v a r p l e s  and statements .  
HZ+' ' the documentation generated when a NOPAL 
s p e c i f i c a t i o n  is compiled se rves  as a batis for maintenance. The 
formatted NOPAL s p e c i f i c a t i o n  provides  a mairltenance programmer wi th  a 
concise  d e s c r i p t i o n  of the tests. The s p e c i f i c a t i o n  may be modified to  
m e e t  the changing needs and submitted t o  the NOPAL processor .  The 
mc2 i f i ca t ion  may involve A i f y i n g ,  d e l e t i n g  o r  adding t e s t a .  A new 
ATLAS program an8 accampanying documentation are t hen  p r d u c e d .  Thus, 
there is no need t o  refer t o  the ATLAS program either i n  t h e  original 
development o f  the program o r  i n  t h e  eubsequent maintenance. The 
docuarentation produced wi th  each updat ing o f  a test program is then  
r e t a ined  t o  serve aa a basis for f u t u r e  maintenance. 
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